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INTRODUCTION 
This thesis reports the results of an investigation 
-of the ultrastructure of the interrenal tissue of various 
-
species of amphibians~ reptiles and birds. The ultra-
structure is described and compared within the groups 
studied and with work reported in the literature for the 
1 
mammals and some unpublished data on the fishes. Adreno-
cortical zonation appears in mammals both at an histological 
level and at an ultrastructural level. A review of the 
. literature reveals an histological description of zonation 
in the brown pelican (Knouff & Hartman, 1951) and in the 
frog (Cater & Lever, 1954), although later refuted by 
I. Chester Jones (1957). If present, ultrastructural zona-
tion is a characteristic which might have evolutionary sig-
nificance and this possibility was investigated. Important 
relationships seem to exist in the mammalian adrenal cortex 
between ultrastructure and function and the mitochondria 
have been singled out as the most likely organelle involved 
with steroidogenesis in this group. The purpose of this 
study was to determine the relationships between ultrastruc-
ture and function in interrenal tissue in the classes below 
the mammal. 
Investigations have been conducted showing that the 
hormones produced in all vertebrate classes are similar. 
Corticosterone and cortisol have been reported in the 
blood of representatives of all vertebrate classes 
(Turner, 1960). Whether or not these hormones have 
r 
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similar functions is not known 11for endocrine evolution is 
not an evolution of hormones but an evolution of the uses 
to which they are put 11 (~edawar, 1953). However, the pre-
sence of similar hormones:does suggest similar modes of 
production. Hayano et al. (1956) have postulated that the 
en~ymes necessary for the conversion of cholesterol to preg-
nenolone and for the conversion of pregnenolone to the vari-
ous steroid hormones occur on the mitochondria. Karnovsky 
(1962) has suggested that structure may be determined by 
-function, while Revel et al. (1963) speculate that soon 
structure may be used as an indication of biochemical ac-
tivity. In view of this and the fact that the steroid 
hormones share a basic molecular structure~ the cyclopenteno-
perhydrophenanthrene nucleus, there is a great possibility 
that at least in the mitochondria of steroid hormone produc-
ing cells there will be similarities; other similarities 
may also exist since hormone production probably involves 
the whole cell. 
The interrenal tissue of three separate vertebrate 
classes, the amphibians, the reptiles, and the birds, was 
studied and compared. The groups represent a particular 
3 
segment of the evolutiqnary tree and reference to Figure A 
will show the relationships between these groups. Certain 
evolutionary links have suggested themselves. Two in par-
ticular were investigated; one between the amphibians and 
the chelonians, the oldest living group of reptiles, and_, 
a second between the crocodilians, members of the archosaur 
line, and the birds, a further development of this line. 
The work reported in this thesis represents a con-
tribution to two areas, ultramorphology with its relation 
to function, and ultrastructural evolution. 
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REVIEW OF LITERATURE 
According to I. Chester Jones in his book, The 
Adrenal Cortex, the adrenal gland was first described in 
man by Eustachius in 1563. For further and more detailed 
historical background, the reader is referred to this book 
and to one by Grollman (1937), The Adrenals. 
Light Microscopy 
Amphibians 
Radu (1931) described the frog adrenal as being 
composed of short cords, which in transverse section appear 
as round groups of cells, but in sagittal section appear as 
elongated islands or cords. The cells themselves are large 
and polygonal. Cytologically they have a spongy appearance, 
denoting the presence of lipid. This lipid has been shown 
by I. Chester Jones (1957) to contain cholesterol and its 
esters, neutral fat., and tO' be sudanophilic and osmiophilic. 
Earlier, Stilling (1898) described another type of cell in 
addition to the spongy cortical cell in the frog. He called 
it "summer cell 11 , because in his observations this was the 
only time it was found to be present. The cells appeared 
very acidophilic and granular. They were found among the 
5 
cortical cells~ but I. Chester Jones (195~-) believes that 
they are not true cortical cells but are elements of the 
reticulo-endothelial system. However~ Geyer (1959) sug-
gests that they are actually precursors of the cortical 
cells. 
Cater and Lever (1954) have proposed the existence of 
some semblance of zonation in the frog based on the differ-
ential size of islands of cells in the outer aspect of the 
gland as opposed to the inner aspect. Chester Jones (1957) 
refutes this~. claiming that there is no real histological 
difference between inner and outer islands of tissue~ hence 
no zonation. 
The pituitary has been shown to maintain some control 
over the adrenals in amphibians inasmuch as hypophysectomy 
is followed by atrophy of the cortical cords (Miller~ 1953; 
-Houssay~ 1949). Miller and Robbins (1955) have shown that 
the adrenals of Taricha torosa were large, brilliant orange, 
and contained large lipid filled cells during the breeding 
season, while during the quiescent season, before the gonads 
regrew, the adrenals were dull~ flat, and composed of smaller 
cells. However~ in amphibians in which the gonads regrow di-
rectly after the breeding season~ the adrenals showed no such 
seasonal variation. 
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Reptiles 
Lawton (1937) described the location, innervation, 
and vascularization of the adrenals in Alligator mississip-
piensis. By studying the gland from embryo·nic animals, he 
was able to trace its development. He observed that 1) in 
young animals the glands lie close to the gonads, 2) the 
blood supply is profuse from the vena cava, although there 
is no direct evidence of an adrenal-portal system, 3) the 
medullary tissue lies close to or surrounds the blood sinuses, 
and 4) the nerve supply is segmental in nature with four or 
five sympathetic ganglia giving off sympathetic nerves to 
the adrenal. 
Retzlaff (1949) described the gland in the alligator 
lizard Gerrhonotus multicarinatus, observing a variation in 
shape and location of the nuclei, some being spherical and 
centrally located and others being elongated. The mitochon-
dria appeared as short rods or granules, and Golgi bodies 
appeared as a heavy network near the nucleus. Wright and 
Chester Jones (1957) described the adrenal glands in lizards 
and snakes. They found in the agamid lizard that the corti-
cal tissue was arranged in cords of elongated cells. The 
nuclei were round or oval, basophilic, centrally located 
and contained 1 - 3 nucleoli. Lipid was uniformly distrib-
uted and cholesterol was abundant. In Natrix, these same 
authors found the cortical cells to be elongated and ar-
ranged in a loose network of short cords. The nuclei of 
these cells were round or oval~ had 1 or 2 nucleoli and 
were located near the pole of the cell. The cytoplasm 
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was vacuolated and acidophilic. Miller (1952) described 
the adrenal of the lizard Xantusia vigilis. In this animal 
the interrenal cells are cylindrical~ 20- 25 jJ- long and 
5 - 1)1- wide. They are arranged radially in cords around the 
sinuses and contain nuclei located near the basal portion 
of the cell. The cytoplasm is eosinophilic~ contains fat 
globules~ and has a reticulated appearance. 
Throughout the reptiles~ the interrenal cells seem 
to be columnar in shape~ generally~ and arranged in cords. 
This is true in the ophidians and the crocodilians~ as well 
as in the lacertilians (Chester Jones~ 1957i~~). 
Miller (1952)~ Wright and Chester Jones (1957)~ and 
Schafer (1933)~ found that adrenals of reptiles lost weight~ 
became degenerate and depleted of their lipid after hypophy-
sectomy. Hypophyseal transplants did not restore the normal 
adrenal size but d±d restore normal cellular appearance, 
(Schafer~ 1933). Fox (1952) found that the interrenal of 
Thamnophis sirtalis enlarges during the breeding season. 
Miller (1955) has shown a similar hypertrophy in the lizard 
Xantusia vigilis during the period of gonad maturation. 
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Birds 
Miller and Riddle (1938, 1939, 194~) have made an 
extensive study of the histology and cytology of the pigeon 
adrenal. They described the basic unit of structure as a 
double row of columnar cells with one end of the cell abut-
ting on a blood channel. The peripheral cells are larger 
with round nuclei, usually with two nucleoli. Moving toward 
the center of the gland, the cells become smaller and elon-
gate. Both lipid droplets and mitochondria were observed 
in avian cortical cells. Miller and Riddle (1942) showed 
an inverse correlation between the number of mitochondria 
and the number of lipid droplets. They believe that the 
mitochondria give rise to the lipid. ·Knouff and Hartman 
(1951) agree on this for the pelican, but Kar (1947) does 
not agree for the white leghorn. This controversy is now 
being debated at the ultramicroscopic level by Belt (1958) 
and Lever (1955). 
Knouff and Hartman (1951) have observed a zonation 
in the pelican similar to mammalian zonation. There are 
three zones with the zona retieularis being the widest, a 
narrow zona fasciculata, and the zona glomerulosa, having 
a width similar to ~hat found in the guinea pig. In the 
zona glomerulosa, the formations of cells are radial and 
resemble tubules of exocrine glands. Lipid droplets are 
.9 
found between the nucleus and the free border. They found 
that the number and distribution of the mitochondria vary 
inversely with the lipid content. 
Latimer and Landwer (1925) found that the cortical 
cells of the chicken were arranged in large masses towards 
the periphery, resembling the zona glomerulosa in mammals. 
Miller and Riddle (1942) also found differences between 
cells on and near the periphery and cells lying more cen-
trally in the adrenal gland in pigeons. They found that 
the young cells at the periphery contained many mitoch0ndria 
which decreased in number as the lipid content increased. 
As the cells migrate inward, the lipid diminishes, the cells 
become smaller, eventually pycnotic, and die. 
The avian adrenal responds to hypophysectomy by de-
generation (Nalbandov and Card, 1943). The degeneration 
is complete but is sometimes followed by a partial ~eco~ery 
in histological appearance, although cord-like arrangement 
never reappears. Miller and Riddle (1942) observed ~ 25% 
loss of weight in the pigeon adrenal subsequent to hypo-
physectomy. The cells became generally smaller with less 
cytoplasm and a smaller nucleus. 
10 
Mammals 
Numerous studies have been made on the mammalian adren-
al from many species. The mouse adrenal was described by 
Deanseley in 1931. He found that all sections revealed an 
outer zone which stained deeply with stains for fats and 
lipids~ and an inner zone which stained only lightly. In 
the same year~ Hoerr (1931) described the suprarenal cortex 
in the guinea pig. His observations showed 'that the cells 
in the zona. glomerulosa have an abundance of mitochondria 
which were· in the form of filaments, short rods and granules. 
In the zona fasciculata~ the mitochondria appeared larger 
and were all spherical. They were shown to be scattered be-
tween the lipid inclusions. The zona reticularis of these 
animals contained dark and light cells. The dark cells con-
tained numerous lipid droplets and many mitochondria, whereas 
there were very few mitochondria in the light cells. 
In 1940~ Bennett described the adrenal cortex of the 
cat~ dividing it into four zones on the basis of histology 
and cytology. The outer zone was comparatively poor in lipid, 
but contained rod-shaped mitochondria~ densely packed. The 
Golgi apparatus in these cells formed a semi-lunar mass, ly-
ing next to the nucleus~ between it and the nearest capillary. 
In the second zone~ the cells were larger and rich in lipid. 
The cells contained large~ densely black, osmiophilic vacuoles. 
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The Golgi apparatus still capped the nucleus, but branch-
ing threads were seen between the lipid. The third zone 
contained less lipid, and only a few black or grayish 
vacuoles were seen. The cells were smaller than in the 
second zone. The mitochondria were numerous, in the form 
of short rods, and closely packed between the lipid vacu-
oles. The Golgi apparatus again capped the nucleus but had 
fewer projections than in the previous zone. The fourth 
zone was more osmiophilic than zone three. The cells were 
highly variable in the amount of lipid they contained. The 
mitochondria were short rods and some were poorly stained 
and ~ragmented. The Golgi apparatus was compact and also 
often fragmented. 
The division of the adrenal cortex into zones based 
on cellular arrangement was first noted by Arnold in 1866, 
according to Greep and Deane {1949). Arnold divided the 
cortex into concentric zones; the zona glomerulosa or outer 
zone was composed of loops and balls of cells; the zona 
fasciculata of long columns of cells; and the zona reticu-
laris of broken and distorted columns. He further divided 
the.zona rasciculata into a broad, fatty outer zone contain-
ing spongiocytes and an equally broad inner zone which was 
less lipid rich. In this article by Greep and Deane {1949), 
they described the mitochondria of the zona glomerulosa in 
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the guinea pig and cat as rods and in the rat as small 
spherules. In the zona fasciculata, the mitochondria are 
spherical in all species studied and occur between the lipid 
droplets. The zona reticularis has mitochondria which are 
fragmented, stain poorly and are unevenly distributed. The 
Golgi apparatus was found in a juxtanuclear position be-
tween the nucleus and the nearest capillary in the cells 
of all zones. There was great variation in the form o~ the 
Golgi apparatus, but it was most dispersed in the spongio-
cytes (found in the outer zona fasciculata), and smaller 
and more circumscribed in the zona reticularis. These au-
thors found that the zona glomerulosa of the rat was very 
fatty, containing large lipid droplets. They found a thin 
sudanophobic zone between the glomerulosa and the outer fas-
ciculata. This latter zone contains extremely numerous lipid 
droplets, while the inner fasciculata has fewer and smaller 
lipid droplets. In the zona reticularis, the droplets vary 
greatly in size and shape. The authors found that the zona 
glomerulosa of the dog was much more sudanophilic than the 
comparable zone in the cat. The degree of sudanophilia of 
the different zones seems to vary with the species studied. 
The zonation found in the mammalian cortex has been 
related to the types of hormones secreted. Swann (1940) 
has proposed that the cortical ~actors responsible for 
13 
gluconeogenesis might arise in the "internal layers" 
through p~tuitary stimulation, whereas the "portions of 
the cortex only slightly affected by hypophysectomy, i.e., 
primarily the glomerular layer, secrete the 'salt and water 1 
hormone. 11 The cortical factors responsible for gluconeo-
genesis have been shown to be the c11-oxygenated corticos-
teroids, and those responsible for salt and water balance 
to be the 11-desoxy compounds {Swingle & Remington,_l944). 
Greep and Deane (1947) also showed that the zona glomerulosa 
is implicated in the production of mineralocorticoids. These 
two authors have made a series of studies showing the func-
tional zonation in the cortex of the rat. Deane, Shaw and 
Greep {1948) showed tbat a dietary deficiency of sod~um 
caused the zona glomerulosa to broaden by cellular hyper-
trophy. In the same year, Bergner and Greep (1948) showed 
that the zona glomerulosa was un~esponsive to the adminis-
tration of adrenocorticotropic hormone, whereas the zona 
fasciculata broadened and increased in ketosteroid content 
after administration of this hormone. Earlier, in 1946, 
Deane and Greep showed that the zonae fasciculata and re-
ticularis atrophy after hypophysectomy, but n~t the z~nae 
glomerulosa and intermedia. They found that t~e ke~osteroids 
in the fasciculata gradually disappear after hypophysectomy. 
Thei~ study revealed the liver glycogen to be reduced and 
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to disappear by 56 days following hypophysectomy. This 
indicated that the carbohydrate-regulating principles were 
under pituitary control and probably secreted by the zona 
fasciculata. However, the salt-regulating factors were not 
entirely under pituitary control and were probably formed 
in the zona glomerulosa. 
Race and Hsiao (1961) have shown that this functional 
zonation is present also in the largest mammal, the whale 
(Physeter catodon). They found comparatively large quanti-
ties of aldosterone produced by the glomerulosa and fairly 
large amounts of the 17-hydroxycorticoids in the zona fascic-
ulata. 
A possible role for the zona reticularis was suggested 
by Lobban (1952). She showed that structural variations in 
this zone were correlated with the sexual state of the ani-
mal, suggesting its function as a secondary sex organ. 
Electron Microscopy 
Comparative Morphology of Interrenal Tissue 
Few investigations have been made on electron micros-
copy of the adrenal in the vertebrate classes below mammals. 
To date, there are two studies on the frog adrenal, one by 
Burgos, the other by Geyer, both done in 1959, and one study 
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on the adrenal of the domestic fowl, by Fujita in 1961. 
To the present time, the reptilian adrenal has been ignored 
by electron microscopists. 
Amphibians 
Burgos has analyzed three cell types in the frog adren-
al; the chromaffin cell, eosinophilic granular cells (Still-
ing cells) and 11 lipid 11 (cortical cells). The cortical cells 
are described as containing large ( 2- 3~) lipid droplets, 
. 
which are highly osmiophilic. These droplets are closely 
associated with round or oval mitochondria whose internal 
structure consists of villi and tubules. Between the lipid 
droplets and the mitochondria, vesicles may be seen which 
have small granules (~150 A) on their surfaces. The nuclei 
in the cortical cells a.re round or oval, central in1~position, 
and contain a large nucleolus. 
The eosinophilic cells, also called Stilling cells, 
~re of unknown function and may or may not be a cortical 
element. They contain osmiophilic granules abo~t 1.~ in 
diameter. A Golgi complex may be found near the nucleus, 
and also a mass of filaments may occur at this site. In 
these cells, mitochondria are small and few in number. A 
few ergastoplasmic vesicles may be observed between the 
granules. The gland was studied histochemically under the 
light microscope, and the cortical cells were ~ound to give 
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a strong carbonyl and cholesterol reaction. In animals 
which were hypophysectomized, the lipid droplets enlarged, 
while in animals treated with pituitary extract, the drop-
lets became smaller. 
Geyer (1959) has also described three cell types in 
the frog adrenal: chromaffin cells, Stilling cells and 
interrenal cells. The interrenal(cortical cells) possess 
round or oval mitochondria with a tubular inner structure. 
There are large, irregular osmiophilic lipid droplets pre-
sent and small ergastoplasmic vesicles in the ground cyto-
plasm. Stilling cells have smaller mitochondria, also with 
a tubular inner structure. There are many Stilling granules 
which are round, osmiophilic and smaller than the lipid 
droplets found in the cortical cells. Geyer believe~ that 
the Stilling cells are a modified cortical element which 
accumulates a carbohydrate protein complex in the form .of 
granules. They seem to function as a precursor to cortical 
cells into which they may be transformed very quiekly. In 
the pictures shown, intermediate stages between Stilling 
cells and interrenal cells may be seen. The Stilling 
granules disappear and large, irregular lipid droplets 
make an appearance as these cells are transformed from one 
type to the other. 
Geyer has also studied these cells histochemically 
under the light microscope and found a great similarity 
in histochemical reactions between the interrenal and 
adrenal (chromaffin, medullary) cells in the frog, Rana 
esculenta, as compared with the cortical and medullary 
cells, respectively, in higher vertebrates. 
Birds 
17 
The vertebrate class of birds is represented by one 
study of the adrenal of the domestic fowl by Fujita in 1961. 
He found that the mitochondria were round or oval, less 
than 1.~ in diameter, with a villous inner structure. 
vacuoles were present in the cytoplasm. These were also 
less than 1.~ in diameter. Small particles (100-200 A) 
were found on the outer surface of some vacuoles, and cer-
tain vacuoles were formed by the outer nuclear membrane, 
suggesting that these vacuoles are part of the endoplasmic 
reticulum. The interior is homogeneous and of low electron 
density. The vacuoles became larger as the animal grew 
older. Also found in the cytoplasm were round or oval os-
miophilic bodies which were smaller than mitochondria and 
possessed a single membrane only. The microbodies which 
are found in the embryoanathe chick are granular and less 
dense than osmiophilic droplets. Fujita found no evidence 
that these were the precursors to mitochondria or liposomes 
as has been suggested-by Belt (1958) in the rat adrenal. 
However, he does point out that these bodies are seen more 
frequently in the embryo and chick than in the hen. 
l8 
In contrast with this~ Fujita found many round~ oval 
or irregular osmiophilic droplets in the 980-day hen, but 
not in the embryo or chick: Some of these droplets have 
an internal structure which makes them resemble mitochon-
dria. The droplets are usually homogeneous and black~ but may 
have an area of low electron density in the center. These 
osmiophilic droplets may either accumulate within mitochon-
dria~ or within or around the vacuoles. 
Fujita has not found Golgi apparatus~ as described 
by Felix and Dalton (1954)~ in the cortical cells of the 
chick or hen~ but has found it in the embryo. In the chick 
. 
and hen, large~ round~ smooth-surfaced vacuoles are fre-
quently seen and thought to be part of a Go.lgi system. 
There is a perisinusoidal space between the basement 
membrane of the endothelial cell of the capillary and the 
parenchymal cell of the interrenal tissue. Between these 
latter cells~ there are also spaces which communicate with 
each other and with the perisinusoidal space. vacuoles of 
the cortical cells protrude from the cell surfaces into 
these spaces. Fujita thinks that all cortical and medul-
lary cells are in contact with these spaces at some place 
on their surface, and that secretory substances may be 
secreted into the spaces first~ and then enter the capillary 
lumen. 
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Fujita believes that the osmiophilic droplets found 
in the hen are not causally related to the steroid hormone. 
Since not all lipid stains black with osmic acid, he fur-
ther believes that the cortical lipid is produced with the 
aid of the mitochondria within the vacuoles which are con-
sidered to be part of the endoplasmic reticulum. 
Mammals 
1. Mitochondria as sites of steroidogenesis 
Mention should be made of some important work that 
has been done in locating the site of the enzymes involved 
in steroidogenesis, for this has a bearing on the electron 
microscopy. Hayano et al. (1956) suggested a mitochondrial 
location for the following enzymes: 3-@ dehydrogenase, 
17-hydroxylase, 21-hydroxylase and 11-hydroxylase, plus an 
enzyme system for converting cholesterol to pregnenolone. 
The specific actions of these enzymes are as follows: 
3-~ dehydrogenase converts pregnenolone to progesterone; 
17-hydroxylase converts progesterone to 17-0H-progesterone; 
21-hydroxylase converts 17-0H-progesterone to 17-0H-deoxy-
corticosterone and converts progesterone to deoxycorticos-
terone (DOC); and 11-hydroxylase converts 17-0H-DOC to 
cortisol, converts DOC to corticosterone, and converts 
progesterone to 11-0H-progesterone. An earlier study by 
Plager and Samuels in 1954 is not consistent with this. These 
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authors found the 17 and 21 hydroxylating enz~es in the 
"microsoma1 11 fraction. Perhaps due to the earlier methods 
employed, fragments of mitochondria may have been mixed in 
with the microsomal fraction. 
A method of histochemically demonstrating enzymes 
with the electron microscope was reported by Barrnett and 
Palade (1957). They used K2 Te o3 , which is reduced to a 
product of high electron density by the respiratory enzymes. 
In this way, they localized the succinic dehydrogenase sys-
tem in the· mitochondria. 
2. Mitochondrial structure 
. 
Since the evidence suggests that the mitochondria are 
the site of steroid production, an investigation of their 
structure is a significant task to undertake. The mito-
chondrial inner structure has been described, but the des-
criptions vary to some extent. Lever (1955-1956) described 
the mitochondria in the rat and mouse cortex as having , 
microvillous inward projections. Belt (1956) found a tubu-
lar inner structure in the mitochondria of the rat cortex, 
as did Zelander (1957) in the mousej in the hamster, 
DeRobertis and Sabatini (1958b),and in the zona fasciculata 
of the rat, De Robertis and Sabatini (1959), in the human 
fetal zone, Ross (1960), in the human zona fasciculata and 
zona reticularis, Carr (1961). The inner structure has also 
been described as saccular by Lever (1956c) and Zelander 
(1957), or tubule-saccular by Zelander (1959). Luft and 
Hechter (1957) described a vesicular inner structure in 
bovine adrenals after 60 to 90 minutes in iced saline. 
De Robertis and Sabatini (1959) found a vesicular 
structure in the mitochondria of the zona fasciculata of 
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the rat. Their study suggested that the vesicular struc-
ture was dependent on adrenocorticotrophic hormone (ACTH), 
since vesicles disappear after hypophysectomy. In 1960, 
. 
Sabatini et al. made a similar finding in the regenerating 
adrenal cortex. vesicles disappear after hypophysectomy 
and reappear with added ACTH. After enucleation, mitochon-
dria have vesicles resembling zona fasciculata mitochondria 
in animals stimulated with ACTH. After about two weeks, 
the vesicles in mitochondria of the outer layer disappear 
and the mitochondria acquire a tubular inner structure. 
Sabatini and De Robertis (1961) have described a zonation 
in the rat cortex based on mitochondrial inner structure. 
According to them, the zona glomerulosa has mitochondria 
containing tubules, the zona intermedia has mitochondria 
with a tubule-vesicular structure, while both the zona 
fasciculata and zona reticularis have vesicular mitochondria. 
Zelander (1959) has tlescribed the mitochondrial inner struc-
ture in the mouse zona fasciculata as having tubule-saccular 
mitochondria~ the zona fasciculata and zona glomerulosa 
have rectimembranous and cyclomembranous mitochondria. . 
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Belt and Pease (1956) found mitochondria with 11tubular 
inward reflections" of the inner mitochondrial membrane in 
sites of steroid secretion and concluded that this special-
ization of inner membranes might be related to steroid se-
cretion~ since tubules would allow for more surface area 
per volume than would cristae. 
3. Relation of mitochondria to liposomes 
The origin of the mitochondria in the adrenal cortex 
and their relation to the liposomes has been vigorously 
debated. Lever (1955a) described forms intermediate between 
mitochondria and dense osmiophilic bodies in all zones of 
the rat and mouse adrenal cortex. He suggests that osmio-
philic substance is elaborated by the mitochondria or ac-
cumulates within them. Lever (1956c) commented on the simi-
larity of mitochondrial and Golgi memb.ranes and suggested 
that the Golgi structure might be a progenitor of mitochon-
dria. However~ in 1958~ Belt described microbodies about 
0.2 to 0.3Jkin diameter. Some contained dense granules and 
. . 
others contained rudimentary membranes. He concluded that 
liposomes and mitochondria arise from a common precursor. 
He did not find lipid accumulation in mitochondria and dis-
' 
agreed strongly with Lever, suggesting poor preservation as 
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a reason for the observed transitional forms. Burgos (1959) 
mentioned this controversy in relation to his not finding 
transitional forms between mitochondria and lipid droplets 
in frog cortical cells. 
4. Endoplasmic reticulum 
The endoplasmic reticulum (ER) has also been impli-
cated in steroid production, thus lending support to the 
biochemical findings of Plager and Samuels (1954). Ross 
et al. (1958) found a system of densely packed tubules in 
the fetal adrenal. They considered these to be part of the 
ER, although it was smooth surfaced, having no ribonucleo-
prote·in (RNP) particles attached. They referred to the 
comment by Palade (1955) that a smooth surface on the ER 
predominates in cells active in lipid metabolism. 
Biava and Bencosme (1962) studied the ER of the human 
adrenal cortex in relation to lipid synthesis. They felt 
that the ER was of prime importance in the formation of 
stellate lipid bodies. The extensions of these bodies were 
contained within rough-surfaced sacs. Rough ER cisternae 
contained osmiophilic material, suggesting that steroid 
hormones are produced at this site. No forms transitional 
between mitochondria and stellate lipid bodies were found, 
but the mitochondria were regarded as important in lipid 
synthesis as a possible source of precursors. 
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A sub-endothelial space with microvillous projections 
has been reported by Lever (1955a-1956b) in the rat and 
mouse. This space separates the plasma membranes of the 
parenchymal cells and the sinusoidal endothelial cells. 
The space is continuous with an intracellular canalicular 
system. Belt (1956) .describes a space between the cortical 
cell surface and the adjacent sinusoidal epithelium of tHe 
rat cortex. The parenchymal cells have short microvilli, 
extending into these spaces. Zelander (1957) describes a 
pericapillary space in the mouse. Carr (1958) describes 
a s·imilar space in the human adrenal cortex·. He found many 
long villi at the junction of cells, especially where three 
or more cells came together. These s·tructures are usually 
associated with a need for greater absorptive surface. In 
1961, he described these villi as being more prominent in 
man than in the rodent. 
5. Golgi complex 
The Golgi apparatus of the mouse adrenal cortical 
cell was found by Zelander (1959) to be composed of 6 to 
24 pairs of parallel membranes. Vacuoles and vesicles are 
present in the cytoplasm and may be Golgi elements. Carr 
(1961) described ~he Golgi apparatus in the human adrenal. 
He found groups of large vesicles with associated membranes 
in the zona reticularis and zona glomerulosa, but not · 
in the zona fasciculata. Sabatini and De Robertis (1961) 
found flattened sacs and vesicles of the Golgi complex 
in cells of the zona glomerulosa of the rat. 
Intracellular Organelles 
Mitochondria 
Mitochondria were described by Altmann in 1890~ ac-
cording to Novikoff (1961)~ and called bioblastsA; ~ater~ 
- -in 1897 ~ Benda introduced the name 11mitocho:ndria." In 
. . . 
1900~ Michaelis~ using Janus green B~ showed mitochondria 
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in living cells. Their shape was described.as filamentous 
or granular. It was not until the electron microscope~ with 
its high resolving power~ was put into use that their in-
ternal structure could be determined. Palade (1953) des-
~ 
cribed the mitochondria as having 1) an outer limiting 
-membrane~ 2) an inner folded membrane~ the folds being 
termed "cristae mitochondrialesn, and 3) an inner structure-
. ~ 
less matrix. The folds, or cristae, are often perpendicular 
to the long axis of the organelles and occur in series, 
parallel to one another. 
In reviewing the literature on adrenal cortical cells, 
' it can be seen that the inner structure of the mitochondria 
has many variations: tubular, villous, vesicular, recti-
membranous, or cyclomembranous, although tubules seem to 
predominate in the cortical cell mitochondria as well as 
in other steroid-producing cells (Belt & Pease, 1956). 
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The function of the mitochondria has long been sus-
pected to involve cellular respiration. Cytochromoxidase 
and succinoxidase·were found in the mitochondrial fraction 
by Hogeboom et al. (1946). They employed the methodology 
~ 
of ultracentrifugation and tested for these enzymes in the 
various fractions. The enzymatic reactions of mitochondria 
were divided into three groups in 1954 by Lindberg and 
Ernster; 1) energy-generating pr0cesses (Kreb's cycle oxi-
dation), 2) energy transferring pr0cesses. (ADP--ATP) and, 
3) energy-utilizing processes such as acetylation,· s~mma­
rizing their description of the enzymes necessary for cellu-
lar respiration. They also showed that the energy released 
in oxidative processes in the mitochondria was transformed 
to high energy bonds in ATP by phosphorylating adenine nu-
cleotides. The mitochondria were described as multi-enzyme 
systems by Green (1951) and by Lehninger (1956). Lehninger 
proposed that "the fundamental function of mitochondria is 
electron transport with its coupled phosphorylating activity." 
Palade and Schidlowsky (1958) suggested a functional 
- ~ 
association of mitochondria and lipid metabolism, where 
the fatty acid oxidases present in the mitochondria are 
active in the process of fat metabolism. In the liver of 
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starved animals the mitochondria were closely applied to 
the surface of lipid droplets, sometimes completely sur-
rounding them. Frequent~Y,/ . no space was seen between the 
lipid and the mitochondria. In fact, the outer mitochon-
drial membrane was sometimes missing. The authors assumed 
that this close association was indicative of a change 
from carbohydrate to lipid as a source of cellular energy. 
However, 'they point out that since the ~-oxidation of fatty 
acids is reversible, the association could also express 
lipid synthesis, in some cases. Also working with starved 
animals, frogs in this case, Karnovsky (1962) showed that 
during starvation, cytochrome oxidase disappeared and the 
mitochondrial inner structure transformed from transverse 
to longitudinal cristae. Revel et al. (1963) have also 
~ 
suggested a relationship between mitochondrial inner struc-
ture and biochemical activity. 
The origin of the mitochondria in centrifuged Arbacia 
eggs was shown as occurring de novo by Harvey (1946). She 
' 
showed that in the portion obtained by centrifugationJ(which 
seemed to contain no resolvable particles~ larvae contain-
ing mitochondria will develop. However, GrossJ et al.(l960) 
demonstrated mitochondria by electron microscopy in the so-
called "clear quarter"; hence they de> not necessarily arise 
de novo. 
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In 1956, Rouiller and Bernhard described the presence 
. 
of microbodies in regenerating rat liver. These micr0bodies 
were surrounded by a single membrane, had a f~nely granular 
matrix, and dimensions below those of the mitochondria. The 
structures sometimes showed structural modifications, sug-
gesting transitional forms resembling mitochondria. The 
. 
authors think that microbodies can be precursors of mito-
chondria. 
Belt (1958), in his study of the adrenal cortex, also 
described 0.2- 0.3.)'<- bodies which were surrounded by a single 
membrane and were provided with a dense granular core. Slight-
ly larger, but related structures, contained membranes or 
dense areas thought to be lipid. He interprets his findings 
. . 
as indicating that mitochondria and liposomes arise from a 
common precursor, the microbody. 
Golgi Apparatus 
The Golgi apparatus was first described in the nerve 
' 
cells of the barn owl by Golgi in 1898. Since that time, 
a multitudinous literature has accumulated concerning the 
Golgi substance. A controversy persisted for many years, 
through 1949 at least, as to whether the Golgi apparatus 
actually existed, or whether it was only a fixation artifact. 
Accoyer put forth the 11 vacuome 11 hypothesis in 1924. Parat 
. 
and Painleve (1924) developed this hypothesis further'by 
showing vacuoles stained supravitally with neutral red 
and claiming them to be the living representative of the 
Golgi substance. They thought of the Golgi vacuome as 
the center of synthetic activity. Their hypothesis con-
tradicted observations by investigators using classical 
methods of fixation. 
Walker and Allen (1927) showed that Golgi bodies do 
-
not appear in material fixed with acetic acid fixatives. 
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In their experiments, they produced artificial Golgi bodies 
by mixing lecithin and cephalin with colloidal mixtures. 
Their ob~ious conclusion was that Golgi bodies are artifacts. 
However,, in 1938, Kirkman and Severinghaus reviewed the lit-
. 
erature on the Golgi apparatus and reported that Golgi ma-
terial had been seen in all animal cells, was also seen in 
plant cells, and had been demonstrated in living cells .in 
tissue cu·l ture. 
Palade and Claude (1949) came to the same conclusion 
~ ' 
as Walker and Allen by showing that fixing fluids used to 
reveal Golgi material liberate "myelin" whieh produces in-
. . 
tracellular figures. These figures, when confined to the 
cell, accumulate in the part of the cell where the Golgi 
apparatus is usually found. Two years later, in 1951, 
Benseley concluded that "after 50 years of research, little 
is known actually about the Golgi apparatus." 
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Dalton ana Felix (1954) studied the Golgi substance 
in the epithelial cells o~ the epididymis. They demon-
strated three components o~ the Golgi apparatus by electron 
microscopy: 1) a non-protein water soluble group o~ large 
vacuoles in a horse-shoe shape; 2) lamellae arranged con-
centrically around the vacuoles; and 3) small granules 
approximately 400 A in diameter. Their observations with 
the electron microscope ~inally decided the issue, namely,. 
the Golgi apparatus is not a ~ixation arti~act, but actually 
a recognizable cellular organelle. In 1961, they charac-
. 
terized the three components o~ the Golgi complex in a 
slightly di~~erent way. They reported that the Golgi substance 
consists o~: 1) large vacuoles, 2) a system o~ ~lattened 
~ ~ 
sacs that lie at the edge o~ the vacuoles, and on dilation 
become vacuoles, and 3) clusters o~ vesicles derived by 
-budding 0~~ the ends 0~ the ~lattened sacs. 
The ~unctions attributed to the Golgi apparatus have 
been numerous. In 1925, Cramer and Lud~ord concluded that 
11 during ~at absorption, the Golgi apparatus is the cell 
structure mainly concerned." They showed that during ~at 
absorption the Golgi apparatus enlarges to ~orm a network 
~illed with globules o~ ~at. Wilson (1926) ~ound that the 
Golgi apparatus gives rise to oil drops in oogenesis. Fahmy 
(1949~ also reported that the Golgi material o~ desert snail 
' oocytes becomes ~illed with unsaturated ~at. 
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Acid and alkaline phosphatases were demonstrated in 
the Golgi material of intestinal cells by Deane and Demps~y 
(1945). They implicated the Golgi apparatus in lipid metab-
. 
olism by showing that ATP acts in the alkaline range and is 
known to enter the oxidative cycle of lipid metabolism. 
Schneider and Kuff (1954) also demonstrated the presence 
of alkaline phosphatase in Golgi substance as well as phos-
pholipids and pentose nucleic acid. 
Weis~, in 1955, implicated the Golgi complex in fat 
absorption of duodenal cells by showing that the lipid 
passes through the cell membrane in small particles (40A ). 
Inside the cytoplasm, the droplets become larger and are 
surrounded by vacuoles forming fat droplets. These- vacu01es 
are identical with, and considered to be, Golgi vacuoles. 
Palay and Karlin (1956) found that fat droplets are 
' 
clustered within the vacuoles of the Golgi zone in cells of 
rat jejunal epithelium. They involved the Golgi apparatus 
' in the storage of lipid in these cells. Later, Palay (1958) 
~ 
showed that the Golgi complex is active in the formation of 
lipid in the sebaceous glands of rats. Dalton (1961) con-
. - -
eluded that the Golgi complex is involved in the storage 
and possible modification of lipids. He suggested that the 
. 
secretory products in Golgi vacuoles may be synthesized 
elsewhere, but matured and concentrated by the removal of 
water within the Golgi complex. This latter process of 
water removal suggests the work of Gatenby et al. (1955), 
linking the contractile vacuole of the protozoans to the 
Golgi apparatus of metozoans. Nassonov, much earlier in 
1924, suggested this same concept. 
The Golgi apparatus.has been related to lipid stor-
age, modification~ and formation in various cells. In 
adrenal cortical cells, it may have a role in vitamin C 
as suggested by Tonutti (1940). He found that vitamin C 
-
was condensed and later released by the Golgi apparatus 
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in these cells. Based on work with pigeon adrenal cells, 
Miller and Riddle (1942) suggested that, since the Golgi 
material expands into a network between the· lipid granules, 
it may function in transforming precursor substance into' 
true hormones. 
The Golgi substance has also long been implicated in 
zymogen granule formation in the pancreas (Kirkman & 
Severinghaus, 1938) and in the formation of .. the acrosome 
(Burgos & Fawcett,~l955). 
Lysosomes have been related to the Golgi apparatus. 
A micrograph published by Benedetti and Leplu~ (1958) 
shows a continuity between.the Golgi membrane and a granule 
(lysoso~e). ~ranules were also ·round in, or adjacent to, 
the Golgi zone. Earlier in 1956, Novikoff et al. showed 
that the dense bodies of electron microscopy are corre-
lated with the lysosomes of ultracentrifugation for these 
reasons: 1) the methods for isolating lysosome fractions 
are equally successful in concentrating dense bodies; 
2) dimensions of dense bodies are in agreement with the 
dimensions predicted for lysosomes; and 3) some dense 
. 
bodies show internal cavities,which agrees with the sac-
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like structure suggested for lysosomes. In 1961, Novikoff 
characterized lysosomes as being surrounded by a single 
unit membrane and as having acid phosphatase activity. 
They may function as organelles of intracellular digestion 
of proteins, polysaccharides, and possibly lipids. The 
lysosomes may also be areas of hydrolysis which protect 
the rest of the cell from degradati0n by virtue of con-
finement within a membrane. 
Endoplasmic Reticulum 
Early work on the ground cytoplasm indicated a struc-
tureless and homogeneous matrix, presumably because the 
components were below the resolving power of the light mi-
croscope. In 1945, Porter et al. studied cells from tissue 
culture by electron microscopy. They described a 11lace-like 11 
reticulum and vesicular bodies in these cells. Later, 
Porter (1953) demonstrated a complex reticulum of strands 
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or canaliculi ~0 - 1 OOy in diameter, terming it .the endo-
plasmic reticulum. Another form of th~ reticulum was vesic-
ular in nature and composed of coarse vesicles about 609~ 
in diameter. He described the membrane limiting the retic-
ulum as similar in thickness to t~e cell membrane •. By 
following the material in phase contrast and dark field 
microscopy, he showed that the endoplasmic reticulum is 
identified with the basophilic material of light.microscopy. 
Palade (1955~ reported that ribosomes are assoqiated 
with the endoplasmic reticulum. The ribosomes are dense, 
spherical particles, 100 - 150 A in diameter. They possess 
an affinity for the endoplasmic reticular membrane and are 
often seen attached to it. They may also be seen in clumps 
in the cytoplasm or in some cells in contact with the outer 
nuclear membrane. He correlated the cell ba~ophilia with 
the ribosomes and showed that the latter have a high RNA 
content. Further work by Palade {1955b) summarized the 
presence of an endoplasmic reticulum (a network of membrane-
bound cavities, plus ribosomes) in the cytoplasm of all cell 
~ 
types studied, except the mature erythrocyte. A simple form 
of endoplasmic reticulum was seen in seminal epithelium and 
leucocytes as a system of interconnected strings of vesi-
cles. This simple type of endoplasmic reticulum was also 
found in cells active in lipid metabolism, such as adipose 
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and brown fat cells, and in adrenal cortical cells. Palade 
has also shown th~t tne membranes of the endoplasmic retic-
ulum are continuous with both the cell membrane and the 
nuclear membrane in places. In 1956, Palade suggested that 
the endoplasmic reticulum may act as a segregation apparatus 
for cellular products or as a cellular circulatory system. 
Ultracentrifugation was employed by Claude (1946) 
to separate a microsomal fraction (now known to be frag-
-
mented E.R.) from the other cell components. He showed that 
this fraction contained 50 - 60% of all the RNA in the cell. 
Palade and Siekevitz (1956) found ~hat the ribosomes con-
tained the RNA. They isolated a microsomal fraction which 
contained membrane-bound vesicles, tubules and cisternae 
covered with small dense bodies (100 - 150 A). When the 
- ~ 
fraction was treated with versene and incubated with RNase, 
the result was a great loss of RNA and partial or total loss 
of t~e attached particles. If the fraction was treated with 
. . 
deoxycholate and the suspension centrifuged, the resulting 
pellet contained So - 90% of the origina~ RNA content. 
These findings, the authors think, suggest that the micro-
somal RNA is associated with the small particles or ribo-
somes, while most of the protein, phospholipids, hemochro-
mogen and DPNH cytochrome-c-reductase activity are associated 
with the membranes and contents of the microsomes. 
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Brachet (1957) showed that the microsomes contain 
. 
esterase, cholesterase, cholinesterase, vitamin A esterase, 
triacetyl-lactonase and arylsulfate. The microsomes con-
tain the enzymes necessary for, and involved in, acetate 
to cholesterol synthesis. 
Srere (1948) has shown that this synthesis of acetate 
,. 
- . 
to cholesterol occurred in beef adrenal cortex. He employed 
c14 labelled acetate and found a constant specific activity 
in the resulting cholesterol. Cornforth (1959) states that 
the enzymes necessary for the conversion of acetate to chol-
esterol have been demonstrated in rat liver microsomes. 
Nuclear Membrane 
Anderson and Beams (1956) have found evidence that 
- . ~ 
material passes through the nuclear pores in the nuclear 
membrane into the cytoplasm. They described the nucleolus 
as a reticulum of tightly packed granules and showed bunches 
of these granules between the nucleolus and the nuclear 
membrane. At points adjacent to the nuclear membrane, both 
within the nucleus and in the cytoplasm, irregular masses 
of granules may be seen. Some~masses are continuous through 
the pores of the nuclear membrane. Other masses have elon-
gate projections pointing toward or into the nuclear pores. 
Person and Philpott (1962) have also shown that the nuclear 
pores may be a means of egress for nuclear material, in their 
case RNP particles. 
Annulate Lamellae 
The annulate lamellae~ a system of membranes and 
annular pores~ were first reported by Rebhun (1956). He 
~ 
found these structures in the oocytes of snails and clams 
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and referred to them as periodic or parallel lamellae with 
loop-space periodicity caused by the pores. In surface 
view~ the lamellae were seen to possess annuli.similar to 
those contained in the nuclear membrane. He suggesteq the 
site of origin as being at the cytoplasmic interface of the 
nucleus and the cytoplasm~ a place where materials might be 
organized into membranes. These structures then delaminate 
from the nuclear membrane and migrate into the cytoplasm. 
Rebhun stated that the periodic lamellae are different from 
the endoplasmic reticulum because: 1) they possess annuli; 
' 
2) they are not interconnected~ that is~ they form no retic-
ulum; 3) they lack RNP particles on the outside; and 4) they 
display a great regularity in distance between lam~llae and 
in the spacing and arrangement of the pores. These pores 
or annuli were seen in the nuclear membrane as dark rings 
containing small vesicles (100- 300 A). A similar nuclear 
. 
membrane structure was reported prior to this work by 
Gall (1955)~ who described annuli~ about 1200 A in diameter~ 
. 
in the nuclear membrane of Triturus oocytes. He found that 
each annular ring consisted of 8 to 10 round masses about 
400 A in diameter. 
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Pollister et al. (1955) described circular bodies 
. -
co~sisting of an outer ring of dense particles in the nu-
clear membrane of~ frog oocytes. Their investigation re-
vealed threadlike projections from these bodies into the 
cytoplasm and also into ·the nucleus. In 1955, Gay demon-
strated the presence of. dark:.·rings or annuli in the nuclear 
membrane of drosophila. salivary gland cells. Close obser-
vation of her micrographs also reveals annuli in the cyto-
plasm and blebs arising from the nuclear membrane. She 
suggested that the blebs are a mechanism for the transfer 
of genetic material from the nucleus to the cytoplasm. Gay 
also proposed that material may be produced in the nucleus, 
pass t~rough the nuclear membrane, and form a similar mem-
brane when it comes in contact with the cytoplasm. 
Kautz and de Marsh (1955) have demonstrated dense-
~ -
rimmed circular areas, 800 A in diameter, in the nuclear 
membrane of cells from the chick embryo. Afzelius (1955) 
described ''holes 11 , 1000 A in total diameter, similar to the 
. . 
annuli reported by others, encircled by dense membranes, 
200 - 250 A thick and contained within the nuclear membranes 
of Arbacia eggs. Kemp (1956) also described pores similar 
. -
to annuli in the nuclear membrane of the frog oocyte. 
Palade (1955), working on rat sperm~tids, described 
. -
membranes with pores. These membranes resembled annulate 
lamellae, but were identified as part of the endoplasmic 
reticulum. 
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Rebhun (1956b) described the yolk nuclei of snail 
and clam oocytes and demonstrated that the periodic lamel-
lae were connected to the lamellar membranes of the yolk 
nuclei. He has suggested that yolk material is elaborated 
by the lamellae. 
Swift (1956) studied the basophilic lamellar struc-
- ~ 
tures in a variety of cell types, among them clam and snail 
oocytes, Ambystoma larval pancreas, and rat spermatids. He 
was the first to refer to them as annulate lamellae. He 
suggested that they may arise in one of three ways: 1) by 
fragmentation. of the nuclear membrane; 2) by being synthe-
. 
sized on the nuclear membrane; or 3) by similar forces 
-
shaping both nuclear membrane and annulate lamellae. He 
stated that the annulate lamellae are probably formed on 
the nuclear membrane serving as a template. He has sug-
. 
gested further that the annular tubules in the nuclear mem-
brane are a means of transferring mater•ial with genetic 
specificity from the nucleus to the cytoplasm. The eventual 
fate of the annulate lamellae, as shown by Swift, is ·a 
breakdown into vesicles. 
The origin and fate of annulate lamellae in the sand 
dollar egg was reported by Merriam (1959). The lamellae 
. 
appear to arise as a proliferation of the nuclear membrane 
and break up eventually into small vesicles. The annuli 
in the membranes were found to have an hexa~onal arrangement. 
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Gross et al. (1960) described annulate lamellae in 
. -
sea urchin eggs. In these cells, the lamellae were sur-
rounded by RNP particles. They seem to be related to the 
nuclear membrane and tangential section of both the nuclear 
membrane and the annulate lamellae reveal annular rings 
as previously described by others. 
The annulate lamellae were regarded as part of the 
endoplasmic reticulum by Rebhun (1961). His micrographs 
- ,., .. " 
show ar~as of lamellae in continuity with the endoplasmic 
reticulum. He feels that at one time or another, all the 
' 
membranous systems of the cytoplasm are connected with each 
other. 
Annulate lamellae, similar to ~hose previously des-
cribed, were reported in the fetal rat adrenal (Ross, 1962) 
and in the sea gull adrenal (Harrison, 1962). 
Porter (1961) mentioned annulate lamellae in his re-
~ -
view of the ground substance of cells. He described them 
' 
as consisting of two parallel membranes fused at the ends 
and separated by 200 - 400 A in the middle. The membranes 
are perforated by pores which are identical with those in 
the nuclear membrane. Each pore is surrounded by a dense 
ring or annulus. The annulate lamellae are described as 
' 
replicas of the nuclear membrane. Although very basophilic, 
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the lamellae do not seem to contain RNP particles. Porter 
suggested that the annulate lamellae are most prominent 
in cells that are growing rapidly or multiplying. 
' 
MATERIALS AND METHODS 
Tissue 
Interrenal tissue was taken from three separate 
vertebrate classes. These three groups were chosen be-
cause they represent a particular segment of the evolu-
tionary tree. A search of the literature has revealed 
a similar cordal arrangement of cortical cells in all 
groups. Furthermore, these cells are affected by the 
pituitary since hypophysectomy causes degeneration and 
lipid depletion. Therefore, certain basic similarities 
exist in the interrenals of the three classes chosen. 
Amphibians 
The frogs used (Rana catesbiana) were pithed prior 
·. 
to removal of the adrenal glanas. In these animals, the 
. 
tissue is very easily found lying on the ventral surface 
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of the kidney in an elongate yellow strand. Care must be 
taken to dissect it away from the underlying kidney t·issue. 
The material was fixed at 4°C for 1 to 1t hours in a phos-
phate buffered, osmic acid fixative. The solution had an 
osmolarity of about 0.7% NaCl and was buffered to pH 7.4. 
The time and temperature of-fixation were the same for all 
specimens. The same fixative, which is a variation of 
. 
Millonig's phosphate fixative was used for all amphibians. 
The material was embedded~ in this case~ in Vestopal w. 
(polyester resin-- Martin Jaeger Laboratories). 
Necturus (Necturus maculosus)~ since it is a gill 
breather~ was anesthetized with MS 222 (methanesulphon-
ate of meta aminobenzoic acid ethylester Sandoz). 
This anesthetic comes in powder form and is added to the 
water in which the animals live~ in a 1:500 dilution .. 
Anesthesia results in 15 - 20 minutes. The adrenals in 
these animals are found in nodules embedded under the 
ventral surface of the kidney~ which must be slit to lo-
cate the glands.. The tissue is also yellow~ as in the 
frog. It is fixed in the same way as ~or frog adr~nal~ 
but embedded in Maraglas 655 {Maraset epoxy resin --
Marblette Corp.). 
The situation in Amphiuma {Amphiuma means) is 
- ~ 
similar to that in Necturus with the adrenal tissue being 
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embedded in the kidney. In this animal~ the nodules some-
times coalesce to form elongate bodies. This animal was 
anesthetized with urethane (ethyl carbamate -- Fisher 
. . 
Laboratory) administered intraperitoneally (I.P.) and 
~ . 
the tissue removed while the heart was still beating to 
insure blood flow until the moment of excision. Again~ 
the tissue was fixed as in the frog and Necturus, and also 
embedded in Maraglas 655. 
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Reptiles 
In the turtles used in this study, the adrenal glands 
were £ound as diffuse masses lying on the ventral surface 
of the kidney in a manner similar to that in the frog. 
For convenience, the animals were decapitated and the 
shell removed from the ventral surface of the animal. The 
. 
tissue was then removed and fixed in the same way as for 
the frog. The material from these animals was embedded 
in Araldite 502 (aromatic resin-- Ciba Co.). 
In the three amphibians studied and in the turtle, 
the chromaffin tissue was found scattered throughout the 
cortical cords as islets of cells or single cells. The 
. ' 
chromaffin tissue was also intermingl~d in the interrenal 
tissue of ophidians. In lacertilians, it is concentrated 
mostly on the dorsal aspect of the gland, while the situ-
ation in the crocodilians and avians is similar with the 
. 
chromaffin tissue,'appearing as islands of cells scattered 
through the gland. 
· Representative;species of lacertilians, or lizards, 
were anesthetized with intraperitoneal injections of Nem-
butal (pentobarbital sodium -- Abbott Laboratories). 
Anolis lizards (A. carolinensis, A. cybotes, and A: lineat-
~pus) were the types used. The glands in these animals are 
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discrete bodies, ivory in color, lying medially and anter-
iorly between the kidneys and extending beyond them. Re-
moval is quite simple with a curved forceps and fine scissors, 
since no dissection is needed from the substance of the 
kidney. 
The ophidians (Natrix sipedon and Thamnophis sirtalis) 
have paired adrenals, with the anterior member on the pos-
terior vena cava and the posterior member nearer to the 
kidney on the posterior cardinal vein. Again, the glands 
are ivory-colored and, as in all the glands observed, the 
surface has a glistening appearance, somewhat like nerve. 
This may be due to the great amount of connective tissue 
surrounding the gland. When removing the adrenal in these 
animals, it is helpful if one avoids cutting the major blood 
vessels associated with them, but this is not always pos-
sible. Anesthetization was again by intraperitoneal injec-
tion of Nembutal. In both the lacertilians and ophidians, 
fixation was accomplished with osmic a9id phosphate buffer 
fixative with a pH of 7.4, and an osmotic pressure regulated 
to 0.9% NaCl. The tissues from both orders were embedded in 
vestopal w. 
The fourth order represented in this class was the 
order crocodilia, and the alligator was selected. In this 
animal (Alligator mississippiensis) the adrenals were located 
at the antero-medial border o£ the kidneys and appeared 
as white cylinders. This animal was also anesthetized 
with an intraperitoneal injection of Nembutal. A slight 
variation in the fixative was employed by adjusting the 
pH to 7.6 to allow for the higher alkalinity of croco-
dilian blood. Embedding was done in Maraglas ~~S. 
Birds 
The birds also needed a more basic fixative, about 
pH 7.6. The sea gulls (Larus argentatus) used were shot 
~ -
with a rifle. In all cases, death was virtually instan-
taneous. The tissue was located anterior to the kidney 
and quickly removed. In this bird, the adrenals appear 
as gray ovoid masses. 
The chicken (Gallus gallus) was decapitated and the 
~ 
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tissue was located dorsal to the testes between the anter-
ior ends of the kidney. The glands appear as white ovoid 
masses. Tissue from both species of birds was embedded 
in Araldite 502. 
Fixatives 
Tissues were fixed, embedded, sectioned, stained 
and viewed in a variety of ways, partly to acquaint this 
investigator with various methods in electron microscopy, 
but mainly to find the best method for preserving and 
revealing ultrastructural details. The fixative first 
used was the veronal acetate buffer of Palade (195~), but 
the results obtained were less than desired. Next, vari-
ous phosp~ate buffers were tried, all with 1% osmic acid. 
Finally, the phosphate buffer of Millonig's (1962) was 
found to give the most satisfactory results for all tis-
sues used. The following stock solutions were prepared~ 
Sol. A: 2.26% NaH PO H 0 
2 4 2 
sol. C: 5.4% glucose 
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sol. B: 2.52% NaOH sol. D: 41.5 ml sol. A+ 
8.5 ml sol. B 
The fixative was then prepared as needed from these stock 
solutions in the following way: 
45 ml solution D + 5 ml solution C + 0.5 gr oso4 
The pH of this fixative was adjusted by altering the ratio 
of solution A to solution B. The osmolarity· could be reg-
ulated by changing solution C. 
~otassium permanganate, a 5% solution in phosphate 
buffer or in balanced salt solution (modified from Luft, 
1956, and Zebrun & Mollenhauer, 1960), also proved quite 
~ 
adequate. Fixation time for potassium permanganate was 15 
to 20 minutes at room temperatu~e. The osmium fixatives were 
used at 4°0 for ~ to 1~ hours, depending on the size of the 
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tissue. OccasionallyJ tissue fixed with osmium was post-
fixed from 2 to 12 hours in 10% formalin in phosphate buffer. 
No significant difference was noted between tissues held for 
this length of time as compared with tissues dehydrated and 
embedded immediately after fixation. In factJ one method 
of embedding in Selectron calls for post-fixation in 10% 
formaldehyde for two hours (Low~ ClevengerJ 19~2). 
Dehydration and Embedding Media 
All tissues were dehydrated in graded acetonesJ 25J 
50J 75J 95J and lOO%J followed by two changes of 100% ace-
. 
tone dried over anhydrous Cuso4. Further processing de-
pended on the type of plastic usedJ and various plastics 
were tried in order to discover the optimal type. vestopal 
(VW) (Ryter & KellenbergerJ 1956) was used because of its 
... ,. .. -
excellent stability in the electron beamJ its greater con-
trast and lesser contraction during curing. From the second 
change of dry acetoneJ the tissue was placed in 1/3 VW for 
0 ~ hourJ 2/3 VW for 2 hoursJ 100% VW heated at 60 C for 3 hoursJ 
and then rotated for 3 hoursJ and finally into VW with cat-
alyst (1% activatorJ l% initiator) and again rotated for ~ 
day. This assured thorough penetration. The tissue was then 
placed in gelatin capsules with fresh VW containing catalystJ 
and put in a 60°C oven overnightJ or until hard. HoweverJ 
. 
because of the difficulty encountered in cutting VWJ other 
softer epoxy resins were used. 
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Araldite 502 (Luft, 1961) was most successfully em-
. 
ployed, making for easier sectioning and cutting of sections 
with larger areas than is p0ssible with VW. 
The plastic was used in 1.0:0.7 mixture of Araldite 502 
and Dodecenyl succinic anhydride (DDSA) (National Aniline 
- -Division). This was thoroughly mixed in 100 cc. quantities 
on a rotary stirrer and kept as a stock mixture. Smaller 
quantities of this stock were mixed with 2% DMP-30 (2,4,6 
tri-(dimethylaminomethyl) phenol -- Rohm & Haas) and stirred 
~ 
for at least a half hour under the heat of a 100-watt bulb. 
The long stirring with heat seems to be essential to assure 
a uniform mixture. The tissue is taken from the dry ace-
tone, put into one change of propylene oxide for one minute, 
and then into fresh propylene oxide for five minutes. Next, 
the tissue is put into capsules of Araldite with catalyst, 
care being taken that the tissue does not become dry between 
the dehydrant and the plastic. Curing was best accomplished 
by leaving the capsules open at room temperature overnight, 
or under a lGG-watt bulb for 4 to 6 hours. The capsules 
0 
were then placed in a 45 0 oven until the plastic "set 11 , 
. (determined by the fact that the meniscus does not change 
when the capsules are tipped). Once set, the capsules are 
transferred to a 60°C oven f~r final curing, which takes 
12 to 48 hours. The plastic sections quite easily, and, 
although the contrast is not as good nor the sections as 
stable in the electron beam as with VW3 the convenience 
and time-saving of being able to go from dehydration to 
100% plastic make Araldite an extremely useful embedding 
medium. 
Maraglas 655 (Freeman & Spurlock3 1962) 3 a fairly 
. 
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recent method~ was also used to some extent f0r embedding. 
It closely resembles Araldite in quality and method of 
embedding. The preparation consists of 68% Maraglas 655 
mixed with 20% Cardolite NC-513 (Northeast Chemical Co.) 3 
10% dibutyl phthalate (Union carbide Chemicals), and 2% 
benzyldimethylamine (BDMA) (Northeast Chemical Co.). 
Sectioning 
sectioning was done on a Porter-Blum microtome with 
a rotary drive and mechanical advance. The Porter-Blum 
is a practical transitional instrument for those used to 
conventional histological techniques. However3 the long 
arm holding the specimen is not stable enough to eut large 
areas or hard plastics such as VW. Frequently3 the sec-
-
tions cut with this microtome were shattered and unusable. 
The Huxley microtome3 also mechanically advanced3 was 
' 
used with greater success. It employs a gravity fall mech-
anism for the cutting stroke 3 slowed by a plunger in an oil 
dash pot. This gives a very slow and uniform cutting stroke. 
A third type of microtome3 the automatic3 thermal advance 
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Leitz proved best for all plastics including VW. It has 
a rotating specimen holder which is very stable. The 
stroke is automatically slowed as the specimen passes the 
knife. The return stroke is quite rapid and may be yaried 
as a means of controlling the time allowed for thermai ex-
pansion of the specimen holder. Glass knives, broken ac-
cording to Latta and Hartmann (1950), were used with all 
~ -
three microtomes. The cutting edge was checked for defects 
under a dissecting microscope by reflecting light off the 
edge of the knife. The sections were floated onto 10% ace-
tone and, in most instances, picked up on uncoated, slotted 
75/300~ copper grids. Both 100 mesh and 200 mesh were 
used; however, the 100 mesh type had to be coated with col-
lodion and a light shadowing of carbon. The thickness of 
. 
the sections was determined by the color of the reflected 
light, and only those sections showing gray, silver, or 
gold were used. These range in thickness from less than 
600 A for gray up to 1500 A for gold (Peachey, 1958). With 
~ . 
uncoated grids, the best results were obtained with the 
thicker gold sections. 
Light Microscopy sectioning 
Sections were also cut for the light microscope in 
order to orient the specimen. Sections one micron thick 
were cut and picked up with a glass rod drawn out to a bead 
at the tip. The sections were placed in a drop of 10% 
acetone on an albuminized glass slide. This was allowed 
' 
to dry or dried in a fl~me. Staining was done with 1% 
methylene blue, with a touch of dilute detergent for in-
creased wetting action of the dye. The slide was heated 
by passing it through a flame a few times. It was then 
rinsed gently with distilled water. The sections were 
viewed under oil immersion with a light microscope. If 
permanent mounts were desired, Klenk's epoxy glue was 
. 
used in place of Permount or balsam to affix the cover 
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glass, because it was found that the stain faded with Per-
mount or balsam. With this method, the presence of suita-
ble material in the section and the arrangement of cells 
could be ascertained (Philpott unpub.). 
Stains for Electron Microscopy 
various stains were used to increase contrast or to 
enhance certain cellular inclusions. Phosphotungstic acid 
' 
(PTA) was used routinely to increase contrast. A 1% S01U-
ti~n~ of PTA in 95% alcohol for one minute was the m~thod 
employed· for almost all sections. Uranyl acetate in 50% 
alcohol for 10 to 30 minutes was found to stain the RNA 
particles, and when used in conjunction with PTA provided 
some excellently stained material. Lead hydroxide (Millonig, 
~ ~ 
1962) was used and this method stains the cytoplasmic mem-
~ 
branes rather well. In this method, a lead hydroxide, sodium 
tartrate solution is used and staining time is from 20 to 
30 minutes. Potassium permanganate in aqueous solution 
also stains the membranes. Care must be taken to avoid 
inorganic precipitates in all methods of post staining. 
Electron Microscopy and Photography 
The sections were viewed and photographed on either 
an RCA EMU-2B or a Siemens Elmiskop I. The plates used 
. . 
for photography were Kodak contrast lantern slide plates. 
Exposure was done by eye and with practice became quite 
uniform. The plates were developed in Dektol D-72 devel-
' . 
oper. Printing was done with an Omega B-6 enlarger on 
Kodabromide paper Fl - F5, depending on the contrast de-
. 
sired. Exposure was determined by a Densichron (Welsh 
-Scientific Co.), thus saving time and paper. 
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RESULTS AND OBSERVATIONS 
Amphibians 
Frog (Rana catesbiana) 
The cortical cells of the frog are arranged in 
cords and contain the usual cytoplasmic organelles. Be-
cause the mitochondria are of such importance in the pro-
duction of the steroid hormones~ they will be described 
first. 
In the frog~ the mitochondria appear as round or 
slightly oval bodies. They are l.OjL in diameter and are 
enclosed in a double membrane. The inner matrix contains 
tubules, a characteristic of the mitochondria described 
in the adrenals in mammals. The mitochondria are seen 
adjacent to the nucleus (Figs. 1~2) and also near the lipid 
droplets. The droplets are darkly osmiophilic~ have an 
irregular outline and vary in size from 0.~ to 1.~ in 
width. 
Golgi membranes and vesicles are present~ and two 
pairs of short double membranes may be found next to the 
nucleus in Figure 1. Other single pairs and vesicles may 
also be seen in this same area. The smaller vesicles are 
. . 
250- 550 A in diameter. Larger (0~2- 1.0~) vesicles or 
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cisternae have particle-coated membranes, indicating they 
are part of the endoplasmic reticulum (E.R.). These cis-
. 
ternae seem to be the only indication of E.R. in the corti-
cal cells. 
The nucleus in these cells contains a nucleolus and 
evenly dispersed chromatin material. The nuclear membrane 
has a wavy or scalloped edge. The outer layer of the mem-
brane is separated from the inner by a space, varying in 
width up to 0.6~. Around the periphery, the two layers 
of the membrane come together in places, and the presence 
of nuclear pores is indicated at these points {Fig. 1). 
Since Geyer has considered the Stilling cells to be 
the precursors of the cortical cells, a brief description 
of them will be given. The cells have numerous, round, 
' 
oval or occasionally elongate mitochondria. They are quite 
osmiophilic and the inner structure is often difficult tQ 
ascertain. In the lighter-appearing mitochondria, the in-
-
ner structure seems to be composed of numerous folds or 
cristae. The osmiophilic droplets in these cells are also 
round or oval and are of the same size as the mitochondria. 
In fact, so osmiophilic are some of the mitochondria, it 
is impossible to discern for certain which is osmiophilic 
droplet and which is mitochondria. This similarity to the 
' 
transitional structures described by Lever (1955) will be 
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discussed later. A Golgi complex may be seen in Figure 3, 
next to the nucleus. It consists of a paired membrane 
and vesicles. The E.R. is composed of many large cis-
ternae. Their size and shape i~ highly variable, but they 
seem· to be interconnected. The nucleus is enclosed in a 
double membrane separated in a manner described for the 
cortical cells. A nuclear pore is seen at the arrow in 
Figure 4. Micr?villi are commonly seen projecting into a 
space surrounding these cells. Also, cilia were found in 
the frog adrenal in the perisinusoidal spaces {Fig. 5). 
Amphiuma (Amphiuma means) 
Figure 6, showing parts of three cells from the adrenal 
of Amphiuma, illustrates the cytoplasmic organelles in this 
animal. The mitochondria are round or oval and from 1 - 2~ 
in diameter. Their inner structure consi~ts mainly of 
tubules and vesicles, but cristae may also appear in the 
same mitochondria. It is therefore possible to see one 
' 
mitochondrion containing tubules, vesicles and cristae 
(Figs. 7,8). In some areas, large clusters of closely 
. 
packed mitochondria may be seen {Fig. 9). These are quite 
-
small, 0.3 - 0.5~ in diameter. Tubular inner structure is 
quite obvious in some, but little or no internal structure 
is evident in others. The lipid droplets are irregular os-
miophilic structures about 1.5JA in diameter. The droplets 
appear in clusters throughout the cells. The Golgi appa-
ratus in these cells consists usually of four pairs of 
membranes (Figs. 6~10) which fan out at their ends. There 
are small vesicles associated with these membranes. The 
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E.R. is represented by numerous round or elongate vesicles. 
In Figure 6~ two series of these vesicles~ arranged in 
rouleaux fashion~ are indicated. The nucleus is surrounded 
by a double membrane which is irregularly separated.~ At 
the points of junction of the two layers~ nuclear pores 
exist. The nucleus has a less irregular outline than that 
seen in the nucleus of the cortical cell in the frog. Also 
present in the cytoplasm are small~ round osmiophilic bodies~ 
0.1 - 0.2~ in diameter. No inner structure is seen in 
these bodies except that the center is sometimes more elec-
tron dense than the periphery. As in the frog~ Amphiuma 
has cilia with associated rootlets in the perisinusoidal 
I 
spaces of the adrenal gland (Fig. 9). The cilia in both 
. ' 
animals have the typical arrangement of nine double peri-
pheral filaments and a single double central filament. 
Necturus (Necturus maculosus) 
The cortical cells of Necturus~ another urodele 
amphibian~ were observed. Two types of cells will be 
described, based on the kind of osmiophilic droplet and 
mitochondrial inner structure. The first ~ype (cortical 
cell, type I) resembles the frog cortical cell. However, 
-the mitochondria are elongate, round, oval or Y-shaped, 
while internally they have cristae. Figure 12 shows a 
round mitochondrion, about 1~ across with double concen-
tric membranes. A similar structure will be shown in the 
alligator. The lipid droplets in this type of cell are 
irregular in contour and measure about 1 - li~ across. 
They seem to appear in groups. Figure 12 shows a Golgi 
apparatus consisting of membranes and vesicles. Vesicles 
are common in the cytoplasm; in fact, they seem to consti-
tute part of the endoplasmic reticular system. E.R. tubules 
can be seen in Figure 13. The nucleus is ovoid with the 
outer nuclear membrane separated from the inner along its 
length. The two layers come in contact with one another 
in places where nuclear pores may be seen. 
In the second type of cell (6ortical cell, type II), 
which resembles the Stilling cells of the frog, the mito-
chondria are larger (li~ in diameter) and nearly always 
round or oval. Their internal structure is formed of tu-
bules rather than cristae. They are found among the round 
osmiophilic droplets. The droplets are numerous in these 
cells; the largest are about li - 2~ across. Golgi mem-
branes are quite common. Figure 14 shows a portion of a 
cell with several Golgi complexes, while Figure 15 reveals 
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a group of Golgi membranes lying in the indentation of a 
large, lobed nucleus. The E.R. is not too well developed, 
although a few tubular membranes can be seen in Figure 16, 
while RNP particle-coated cisternae are evident in Figure 15. 
Vesicles are not as numerous nor as well defined in these 
cells as in the cortical type I cells. The nucleus in the 
type II cell is quite large in relation to the cell. The 
shape is highly irregular and may even be lobed. Its· mem-
brane is separated, sometimes qui~e widely, and at points 
of contact nuclear pores may be observed (Fig. 17). Micro-
- . 
villi can also be seen projecting from these cells {Fig. 14). 
Reptiles 
Turtle (Pseudemys rubiventrms) 
The chelonians, or turtles, were an early offshoot of 
the stem reptile line and are the oldest living form of rep-
tile. For this reason, the turtle adrenal will be described 
first. The mitochondria in the cortical cells of the turtle 
are either round and ltJN across or elongate and 0.5~x 3.~. 
Figure 18 shows two types of mitochondria. Both contain 
tubules which are 500 A in diameter, but one has a much 
denser matrix than the other. That one type transforms:into 
the other is quite evident from this figure, since two mito-
chondria may be seen to have a dense matrix partially sur-
rounding an area of lighter matrix. The osmiophilic droplets 
are also of two types. One type is irregular in shape, 
about o. 9 )'L in diameter, and the lipid is quite often ex-
tracted (Figs. 19,20). The other type is smooth, round 
or oval, 0.7~ in diameter, and quite reminiscent of the 
granules in the Stilling cells of the frog. The matrix 
in these granules is very dense and stable. In the sec-
tions observed, a tendency was noted for the first type, 
which will be called "lipid droplets", to cluster at one 
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end of the cell. The other type, to be distinguished as 
11osmiophilic droplets", seemed to occur in clusters through-
out the cell. Golgi material was not abundant in the 
sections studied. However, a few double membranes with 
adjacent vesicles were observed. The E.R. in these cells 
is composed of tubules which may be constricted in places 
forming a bead-like line of small vesicles. Another E.R. 
component is the system of large, irregular cisternae which 
are surrounded by membranes with attached RNP particles. 
The nucleus is large in relation to the cell and has an 
irregular shape. The double nuclear membrane is separated 
in places by as much as 1000 A. Figure 21 shows an indica-
tion of a nuclear pore at an area of contact of the two 
layers. Cytoplasmic continuities between cells were also 
present in the cortical tissue. Figure 20 shows one such 
cytoplasmic bridge. 
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Lizard {Anolis carolinensis, A. cybotes, A. lineatopus) 
Among the lacertilians studied, Anolis carolinensis 
seems to be typical of the group. Figure 22 shows most 
of the organelles characteristically found in the cortical 
cells. The mitochondria are about 0.8~ in diameter and 
contain tubules. Other structures, similar in size and 
shape to mitochondria, are seen containing vesicles. Some 
of these structures are enclosed in a double membrane and 
contain small vesicles, while others are surrounded by a 
single membrane only and contain large {0.1~) vesicles. 
. -
The former are probably true mitochondria and the latter 
will be termed multivesiculate bodies (MVB). The lipid 
. 
droplets are highly irregular in shape and vary in size 
from 0.5~~- 1.5~at their widest point. Golgi membranes 
are scarce in these cells. Figure 22 shows a single flat-
tened Golgi cisterna. The E.R. is a system of tubules and 
vesicles and can be seen best in Figure 23. The nucleus 
has a fairly smooth contour. The two layers of the mem-
brane surrounding it are generally separated by a small 
space of about 200 A. Other cytoplasmic inclusions are 
saccular structures containing concentric rings of mem-
brane {Fig. 24); membrane-surrounded sacs containing moder-
- - ~ 
ately dense material, granular in appearance, and some dark 
structures with whorl-like inner membranes. 
Snake (Natrix sipedon, Thamnophis sirtalis) 
Adrenals were studied from two species of snakes, 
Natrix sipedon and Thamnophis sirtalis, selected as rep-
resentatives of the ophidians. The cortical cellular 
components are essentially the same in both species. 
Natrix will be described specifi·call~, and reference will 
be made to Thamnophis for comparison. The mitochondria 
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in the cortical cell of Natrix may appear round 0r elongate. 
They are 0.5~ in diameter if round, and 0.~ - 0.5~ x 
0.8 - 1.0/L if elongate. Internally, the structure is 
tubular (Fig. 25, N. s~pedon; Fig. 30, T. sirtalis). Tubules 
~ 
often appear as ring shapes about 300 A in diameter. Fig-
ure 28 shows the mitochondria dispersed among the lipid 
droplets which are about 2- ~~in diameter and somewhat 
larger than lipid droplets in the other species investigated. 
Their shape is irregularly rou~d and they are very numerGus. 
In ~. sirtalis, the droplets are more irregular in shape 
and approximate the mitochondria in size (Figs. 30, 31). 
-The Golgi apparatus consists of the usual double membranes 
and vesicles. Three pairs of membranes parallel to each 
other are shown in Figures 25 and 27. Three pairs of mem-
branes arranged in a circle with vesicles inside are demon-
strated in Figure 26. The E.R. is not well developed in 
these cells. A small area of tubular membranes can be ob-
served in Figure 25. The nucleus is ovoid and has an 
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irregular contour. The double-layered membrane is sepa-
rated along most of its length~ but at areas of contact 
the presence of nuclear pores is suspected,(Fig. 29). 
Also~ a centriole is found in the cytoplasm near the Golgi 
apparatus in Figure 25. Cytoplasmic projections, or mi-
crovilli~ were not observed in these animals. 
Alligator (Alligator mississippiensis) 
The cortical cells in the alligator adrenal are full 
of many complex organelles. The mitochondria in each cell 
are numerous and possess a wide variety of sizes and shapes. 
Some are round~ some elongate, some dumbbell-shaped, some 
very long~ and some branched or Y-shaped (Figs. 32~33). 
-Most contain cristae (rather than tubules as seen in the 
other species), which are not uniformly spaced, giving the 
structure a 11tiger-striped 11 appearance (Fig. 35). Some 
. , .... 
contain tubules~ while others have both tubules and cristae 
in one mitochondrion (Fig, 34). The round mitochondria are 
-
about 1~ in diameter, while the longer ones range from o.~ 
to 1~ in width and 2.0~ to 3.5~ in length. They are 
frequently in close contact with the lipid droplets which 
are usually much larger than their adjacent mitochondria. 
The lipid droplets have an irregular outline and vary in 
width from 2- 7~. They are found~ ordinarily, in areas 
with a great many mitochondria. Although vesicles are 
widespread~ typical Golgi membranes are scarce. Figure 37 
does show one group of double membranes with adjacent 
vesicles. Groups of parallel rows of annulate lamellae 
can be seen, as well as a large concentric arrangement 
of lamellae (about lO~across)(Fig. 41). The lamellae 
in this grouping seem to be giving rise to vesicles. High 
power micrographs show an inner structure in some of the 
large vesicles, while some acquire an electron dense ma-
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trix (Figs. 42, 43). The possibility of these being lyso-
. - . 
somes, as described by Novikoff, will be discussed. Tran-
sitional forms between empty vesicles and the dark structures 
maw be seen. These forms occur near·the lamellae and also 
throughout the. cytoplasm (Figs. 35, 36). Figure 40 shows 
-
several of these bodies in various stages. Some contain 
a central area of dense material with a less dense matrix 
at the periphery. Some of these structures contain gran-
ules and some tubules cut in cross section. Their size may 
vary from 0.25]A to 1.0~. The E.R. in these'cells is rep-
resented by strings of small vesicles about 1000 A in 
diameter. Occasionally, the strings line up and form paral-
lel arrangements (see Necturus). The whole cytoplasm in 
these cells is filled With vesicles of all sizes, from less 
than 1000 A to 1.0~. The nuclear membrane shows annuli or 
nuclear pores when cut in tangential section (Fig. 39). 
Other findings in the alligator cortical cell are 
- round b0dies with a membraneous internum (Fig. 35) similar 
to those seen in Necturus (Fig. 12). Microvilli are present 
- -(Fig. 38) as projections into a perisinusoidal space. Also, 
. 
cilia are found among the cortical cells. (Figure 44 shows 
a cilium, centriole, and Golgi complex.) 
Birds 
Sea Gull (Larus argentatus) 
Adrenal glands have been examined ultrastructurally 
from two orders of birds related to the ancient Archosaur-
ian line. The sea gull, Order Charadriiformes, will be 
described first. Like the alligator, the sea gull has a 
complex cortical cell with many diverse'organelles. However, 
the all-important mitochondria will be described first. 
This organelle usually appears round and about 1.0~ in 
diameter. Occasionally, an elongate mitochondrion is seen 
(about 2.0JL in length), and even more rarely, dumbbell-
- ~ 
shaped mitochondria are observed.· Cristae are the usual 
membranous internum, similar to the alligator, although 
tubular internal structure also occurs. A mitochondrion 
with a cyclomembranous structure is shown in Figure 45, 
suggestive of the cyclomembranous mitochondria found by 
Zelander (l957) in the mouse cortex. A mitochondrion that 
- -
may be undergoing transformation is seen in Figure 48. An 
-
ordinary mitochondrion is seen with a circular lighter area 
66 
eccentrically placed within it. The lipid droplets~ as 
in other cortical cells~ have a highly irregular contour. 
The droplets are quite osmiophilic, appearing as dark stel-
late bodies (Garr~ 1961) about 0.~ to 1.0~ in diameter. 
Golgi complexes are quite common and consist of 3 to 5 pairs 
of double membranes arranged in arcs or curves. Vesicles are 
formed at the ends or by the separation of the double mem-
branes. However~ not all smooth-surfaced vesicles are 
formed by the Golgi apparatus. These cells seem to possess 
a supplementary system of vesicle formation in the annulate 
lamellae as found in the alligator. Both vesicle-forming 
organelles are present in the same cell in Figures 5~ and 56. 
' A possible mode of formation of the annulate lamellae at 
or on the nuclear membrane is illustrated in Figure 55. The 
lamellae are flattened double membranes forming cisternae 
(Figs. 54~ 55). Along their length, the lamellae are inter-
- -
rupted by annuli~ which are dark rings about 1000 A in di-
ameter~ resembling nuclear pores (Figs. 52 - 59). The 
lamellae may be found in parallel layers or arranged in 
concentric circles (Figs. 52 - 59). Mitochondria and vesi-
-
cles are found in close association with them. A group of 
lamellar membranes is shown close to the nucleus in Figure 57. 
At the outer edge, the membranes seem to be losing their 
annular appearance and are coming to resemble Golgi mem-
branes. Vesicles are seen budding off the ends of the flat-
tened cisternae in Figures 54 and 55, much in the same way 
that vesicles bud off the ends of Golgi membranes~ A 
circular arrangement with vesicles within and vesicles 
formed by the separation of the outer membrane can be 
seen in Figures 58 and 59. Compare the arrangement of 
membranes and location of vesicles with the Golgi complex 
in the chicken (Fig. 65) and in the snake (Fig. 26). 
- -Dense bodies are seen within the circular profiles of an-
nulate lamellae (Fig. 47), or in close association (Fig. 53). 
- ~ The possibility that these dense bodies are lysosomes, 
as described by Novikoff (1961), will be discussed, as well 
- -
as the relation of the annulate lamellae to the Golgi com-
plex. The E.R. consists of membranes covered with RNP 
particles. Two pairs of doUble membranes are shown ad-
jacent to the nucleus in Figure 49. A concentric arrange-
-
ment of double membranes can be seen in Figure 50. The 
cytoplasm is filled with vesicles of every size, and inter-
connections between two pairs are shown in Figure 56. A 
' 
cluster of E.R. membranes and vesicles covered with RNP 
particles may be seen in Figure 49. The nucleus is large 
' 
and round or oval with a fairly smooth contour. The double 
. 
nuclear membrane is punctuated with annuli or nuclear pores. 
Many annuli are seen in tangential section (Fig. 51). The 
. . 
similarity between the nuclear membrane and the annulate 
lamellae is evident in Figure 55. 
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Cytoplasmic bridges were observed (Fig. 46); Round 
dense bodies~ 0.2~ in diameter~ are seen near or surrounded 
' by annulate lamellae. These have an electron dense center 
with a lighter periphery~(Fig. 53). Another cytoplasmic 
inclusion is a heavy body (Gross et al.~ 1960; A~zelius~1957), 
> 
ovoid in shape (1.2~x 1.~), electron dense~ and con-
taining a very dark spot eccentrically placed (Fig. 60) • 
. 
The heavy body is surrounded by wisps of membranes and by 
vesicles. Still another inclusion is a pigment body. This 
is a very dark~ oval structure about 2.2,.AA- X 3.0~. Its 
< 
interior has many light areas, which in turn seem to contain 
. 
material closely resembling the lipid found elsewhere in 
the cell. The entire organelle is surrounded by a double 
membrane vacuole which has vesicles and oddly shaped dumb-
bell mitochondria at its boundary. A pigment body, and also 
the cross section of a cilium, are shown in Figure 61. Cilia 
are present in the sea gull adrenal (Fig. 62 shows a cilium, 
~ 
the associated centriole, and a Golgi complex at its origin). 
-Chicken (Gallus gallus) 
The ultrastructural findings on the adrenal of the 
domestic fowl do not concur in all respects with those pre-
viously described by Fujita {1961). The mitochondria of 
- ' 
the cortical cells are round or elongate, depending on the 
angle of section. The round profiles measure about 0.7~ 
to 1.0~ in diameter, and the elongate ones measure 1.~ 
to 2.0~ in length. The inner membrane of these mitochon-
dria is thrown into folds or cristae, as was the case in 
the sea gull and the alligator. Tubules may also be seen, 
and occasionally both types of internal structure may be 
observed in the same mitochondrion. The matrix of some 
. 
mitochondria is homogeneous, being devoid of internal 
structure. The lipid droplets are few in number, have an 
irregular shape (about O.q~ to 1.3~ in diameter),·and 
- < 
are quite electron dense. Golgi membranes are quite numer-
ous, occurring in 3 or 4 parallel pairs which are straight, 
or in horseshoe arrangement. A circular array of Golgi mem-
branes is shown in Figure 65. Along the length of the mem-
branes and at their ends, vesicles are seen with evagina-
tions; and vesicles are always found in association with 
these membranes. The Golgi complex has no supplement in 
the form of annulate lamellae, as in the sea gull and the 
alligator. The E.R. in these cells is represented by vesi-
cles and membranes (Fig. 64) coated with RNP particles. In 
~ . 
fact, RNP particles abound in clumps throughout the cytoplasm. 
A horseshoe-shaped, double membrane, which undoubtedly be-
longs to· the E.R., is shown in Figure 67. The nucleus is 
' . 
round or oval, fairly large, and has a smooth contour. The 
nucleus is enclosed in the typical double membrane, or nuclear 
envelope, which contains nuclear pores. Two opposing cellular 
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membranes are sometimes seen to interdigitate, giving the 
cells the outline of pieces from a jigsaw puzzle (Fig. 63). 
A small electron dense body (about 0.25;N~ across) is show~ 
. 
in Figure 66. This is seen surrounded by a double membrane. 
Some material that resembles lipid is also enclosed in this 
membrane. A cell in the metaphase stage of cellular divi-
sion (Fig. 68) was also observed in the adrenal of the 
chicken. 
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DISCUSSION 
Significance of Similarities Observed 
Mitochondria 
The mitochondria possess the enzymes necessary for 
the conversion of cholesterol to the basic steroid hormone 
-
precursor~ pregnenolone~ and for the conversion of preg-
nenolone to the other various cortical hormqnes (Hayano 
et al. ~ 1956). Therefore·~ if the same hormones are pro-
duced in all~vertebrates, (Turner~ 1960), a similarity 
~ 
in mitochondrial ultrastructure might be suspected, pro-
viding that the site of hormone production remains constant. 
The similarity in ultrastructure might take the form of 
tubules because tubules have been reported in the adrenal 
cortical cells of mammals (see below for references), and 
Belt and Pease (1956) have reported tubules in other steroid 
~ -producing cells.· Thus, tubules would be the suspected form 
of ultrastructure common to mitochondria in the adrenals 
studied. This is generally the case. Tubular mitochondria 
. 
were observed in all the amphibians, and in all the rep-
tiles. However, starting with the alligator~ a divergence 
was noted. In the alligator and the birds, although tubules 
. 
were observed in the mitochondria~ cristae were more pre-
dominant. The tubular type of inner structure has persisted 
from the amphibians, through the reptiles and into the 
mammals, as shown by descriptions of the cortical mito-
chondria of the rat (Belt, 1956), the mouse (Zelander, 
1957), the hamster (DeRobertis; 1958), and the human 
(carr, 1961). ~ K divergence in structure seems to have 
~ 
occurred in the reptile class with the birds tending more 
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towards a cristae type structure and the mammals toward 
tubules. This divergence in mitochondrial structure may 
indicate a divergence in mechanism and/or location of ster-
oidogenesis. A possible new mechanism is discussed under 
.. 
Annulate Lamellae. Although the full significance of tubules 
as compared with cristae has not been shown, Revel et al. 
(1.963) have suggested that the mitochondrial inner structure 
may someday be indicative of its biochemical properties. 
There is much conjecture concerning the origin of 
mitochondria. This research has contributed toward our 
. 
understanding of their possible origin. In the alligator, 
' high power micrographs of the vesicles emanating from the 
annulate lamellae £requently reveal an inner membranous 
structure (Fig. 42) which closely resemble the microbodies 
postulated~by Belt~(l958) to be mitochondrial precursors. 
" ~ -Furthermore, in Amphiuma, areas are found containing nu-
. 
merous small mitochondria with little inner structure. 
These are possibly regions of mitochondrial genesis, but 
the exact mechanism of generation is still unknown. No 
evidence has been seen of mitochondria dividing. 
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Forms transitional between mitochondria and lipid 
~ 
droplets, as described by Lever (1955), were not seen ex-
~ 
cept in the Stilling cells of the frog in which the mito-
chondria are extremely dense, so much so that the internal 
structure is often difficult to ascertain. In some cases, 
. 
the matrix appears structureless and homogeneous, consti·-· 
tuting the Stilling granules. Geyer (1959) described this 
., 
./ - ~ 
type of cell and postulated a metamorphosis from Stilling 
cell to cortical cell. In his paper, he has shown transi-
tional stages between t.he two. 
It is quite possible that lipid accumulates within 
. 
the mitochondria, masking the internal structu~e and caus-
ing the organelle to become very osmi~philic and thus eiectron 
de~se. These dense structures would then be further modified 
to become the lipid droplets as the cells transform from 
Stilling cells to cortical cells. 
Observati~ns in the turtle (Fig. 18) strengthen this 
~ . 
idea. Mitochondria are seen with either dark or l~ght 
matrices or, in some instances, with both. Osmiophilic ma-
terial, possibly steroid hormone or precursor, may be elab-
orated and accumulate within the mitochondria, making it 
electron dense. As the accumulated substance is needed, 
it is released from the mitochondria which regain a light 
matrix. In Figure 18, two mitochondria may be seen that 
are partially transformed. The question of direction of 
transition arises~ but due to the static two-dimensional 
nature of these observations~ it is difficult to answer. 
However~ the dark to light transition would be a cyclic 
phenomenon and therefore the question of direction is no 
longer quite as important. (See Chart I .. ) 
Lipid Droplets 
The lipid drople.ts were quite similar in size and 
shape in all species observed. The only exceptions noted 
were a slightly larger droplet~ 2 - 3JA~ in the snake~ 
Natrix sipedon~ and the wide range of the droplet size~ 
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1 - 7~~ in the alligator. Other than this~ the shape was 
consistently irregular and the size ranged from 0.5 - 1.5~ 
across. Very often the lipid droplets were rippled whiilie 
the rest of the section was smooth. .The fact that the lipid 
retained these·cutting compression ripples after the rest 
of the section was flattened indicated the lipid to be of 
a denser material than the surrounding cytoplasm. All drop-
lets were osmiophilic and homogeneo~s (exceptions noted below) 
-and it might be suspected that all were similar in chemical 
composition. Chester Jones (1957) has found that the lipid 
. - ~ in the adrenal cortex is composed of cholesterol and its 
esters~ esters of glycerol~ and the actual steroid hormones. 
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In two of the species studied, the turtle and the 
snake, there seemed to be a tende~cy for the lipid to be 
easily extracted. Under identical conditions of fixation 
and dehydration, empty lipid vacuoles or partially extracted 
droplets were found in these species but not in the others. 
This might indicate a difference between the types of lipid 
present in the droplets. The turtle and snake would seem 
to have a "softer" or less stable type of lipid. Biochemi-
. 
cal studies aimed at pinpointing the differences wouffid help 
solve the problem. Another method of obtaining more infor-
mation about this lipid would be to use differential cen-
trifugation which would reveal any differences in density 
~ 
of the lipids. (See Chart r.: for graphic comparison) 
Golgi Apparatus 
Golgi material, consisting of membranes and vesicles, 
was found in the interrenal cells of all species used. The 
arrangement of flattened cisternae and vesicles is similar 
in all cells and also similar to the classic Golgi form as 
reported by Dalton and Felix (1953, 1954, 1956). Fujita 
-(196l)·has reported no such classical Golgi apparatus in 
. 
the cortical cells of the hen or the chick. However, my 
observations do not agree with this and show that many well-
formed Golgi complexes are present in the interrenal cells 
of the chicken. The Golgi apparatus has been implicated in 
1 .., ... 
l •• 
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lipid production in sebaceous glands by Palay (1958). Dalton 
- ~ (1961) has suggested "that the Golgi complex is involved in 
~ . 
the storage and possibly the modification of substances, 
particularly lipids, following their absorption. 11 Miller 
and Riddle (1942) suggested a role in transforming steroid 
- ' precursor substance into true hormone for the Golgi appara-
tu~.in the cortical ·cells of the pigeon. The probability 
' 
of finding well-developed Golgi material in the phicken is 
\ 
fairly great. 
In the alligator and sea gull, a possible supplement 
to the Golgi apparatus may exist in the form of the annulate 
lamellae. Both organelles consist of three components: 
1) .large vacuoles, 2) flattened sacs or cisternae, and 
~ 
3) sm~ll vesicles budding off these sacs. Similarities, 
-both in structure and possible function, between annulate 
... 
lamellae and Golgi complexes will be discussed under a sepa-
rate heading. 
Since the enzymes for the conversion of cholesterol 
to pregnenolone and of pregnenolone to the cortical hormones 
have been f0tind on or in the mitochondria, and since the 
tubular or villous type of mitochondrial inner structure is 
found in most of the species studied, it might be presumed 
that the mitochondria are the seat of hormone production 
in these cells. Therefore, in these cells with tubular mi-
' tochondria, it might also be presumed that the Golgi apparatus 
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would not be involved in stages of hormone production. 
However~ cholesterol is known to be formed by acetate 
groups and known to be formed in vitro~ at least~ by the 
adrenal gland (Hechter et al.~ 1954). If this process does 
. 
take place normally within these cells~ then~ possibly~ the 
Golgi apparatus may play some role here. Since in the alli-
gator and birds the mitochondrial inner structure has sug-
gested a different form of hormone production, the Golgi 
complex may play a greater role in steroidogenesis. The 
alligator and sea gull seem to have a supplement to the 
Golgi apparatus in the form of annulate lamellae. It may 
be that the mitochondria simply do not form the steroids~ 
or cease to form them, and that the Golgi apparatus plays 
a greater role. In some cases~ a supplementary organelle 
may be needed. 
Endoplasmic Reticulum 
The endoplasmic reticulum is present in interrenal 
. 
cells~ but not in such a highly developed state as in bther 
cell types (Palade, 1955~ 1956 a,b). The form of the E.R . 
...., - . 
is, in general, vesicular and cisternal in nature, rather 
than tubular. The predominance of vesicles is greatest in 
the alligator where they are lined up in long rows. The 
pattern of arrangement and possibly the direction of movement 
may be determined by the sol-gel nature of the cytoplasm. 
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The vesicles would tend to move in areas of lea·st resistance 
(sol phase). The vesicular type of E.R. is indicative of 
- ~ . 
transportation of cellular products by pinocytotic_vesic~es. 
Materials are known to be brought into the cells by pino-
cytosis. The pinocytotic vesicles might follow lines of 
. 
least resistance as they travel through the cytoplasm~ and 
. . 
remain as discrete vesicles as they move. It is also possi-
. 
ble that cellular products may be secreted this way. That 
is~ a membrane is formed around the material~ thus forming 
a vesicle which then moves to the cell membrane where its 
contents are released. In cells with the classical tubular 
E.R.~ the material from outside may enter by pinocytosis~ 
but it soon enters the tubules to move through the cytoplasm 
intraluminally. In the sea gull and chicken~ the E.R. is 
. 
best defined in the more classical sense. Membranes coated 
with RNP particles are seen more frequently·. In the sea 
gull~ rough surfaced double membranes are found in concentric 
circles~ while in the chicken~ RNP particles are seen on 
the membranes~ and also in clumps'throughout the cytoplasm. 
The change from a vesicular type of.E.R. to a more defined 
membranous type may reflect a different mode of transporta-
tion of cellular substances. Those with a tubular E.R. 
would have a flowing movement of cellular substances through 
the tubules~ while those having vesicles would confine the 
substances in discrete sacs which would move their contents 
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along routes possibly prescribed by the sol-gel state of 
the cytoplasm. In either case~ the cytoplasm is protected 
. 
from the contents of the E.R. The change from vesicles to 
'• 
tubules in the E.R. occurs at about the same time as the 
mitochondria begin to show fewer tubules and more cristae. 
The change may again indicate a change in the method of 
steroid production. Possibly the E.R. is called upon to 
be more active in this phase of cellular activity rather 
than being merely a means of transport for cellular sub-
stances. 
Nucleus 
The nuclei~ in general~ are similar in the cells 
observed in this study. The nuclear membrane is a double 
layer irregularly separated~ sometimes by quite a distance~ 
as much as 1000 A in the turtle~ or by as little as 200 A 
in the lizard. Gay (1955) has described an irregular nu-
-
clear membrane in the salivary gland cells of Drosophila 
. 
and refers to reports of undulatory nuclear contours in 
other types of secretory cells. In Figure 1 of the frog 
. -
interrenal cell~ a bleb may be seen arising from the outer 
nuclear membrane. At this point~ the membrane has RNP par-
ticles on it. Adjacent to it are rough surfaced vesicles. 
Their size~ proximity and RNP-studded surface suggest nuclear 
blebbing as a mode of origin of E.R. in tnis tissue. Nuclear 
pores are common to all ... the nuclei observed in the organs 
studied. The best developed system of nuclear pores ap-
' pears to be in the sea gull. The resemblance of nuclear 
' pores to the annuli found in the annulate lamellae is also 
evident. The annular nature of the nuclear pores can be 
clearly seen in Figure 51. Anderson and Beams (1956) re-
- ... ,...... -
ported nuclear material passing from the nucleus to the 
cytoplasm through the nuclear pores. These pores also 
have been implicated as a means of egress of RNP particles 
from the nucleus (Person & P~ilpott~ 1962). The nuclear 
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~ ~ . 
pores may fun~tion also as a channel for passage of nuclear 
material into the cytoplasm. · 
Incidental Observations 
Microvilli were found in the frog~ Necturus~ lizard 
and alligator. These cytoplasmic projections have also 
been reported in the rat (Lever~ 1955a) and in the human 
-adrenal (Carr~ 1958). carr has suggested that the micro-
,... -villi~ which are associated with~ need for increased ab-
sorptive area~ are also present in these cells for the same 
purpose~ or that they might be connected in some way. with 
the secretion of steroid hormone. This may very well be 
true~ but since these cells are primarily secretory in nature~ 
the microvilli may represent an increased area for secre-
tion rather than for absorption. 
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Microvilli were not seen in all species~ even though 
many sections from many areas were observed. However~ fur-
ther investigation might reveal microvilli. 
Cilia were found in four species~ namely~ the frog~ 
Amphiuma~ alliga-tor and sea gull. The usual purpose of 
' 
cilia is to facilitate movement. This same function would 
probably be applicable here for the movement of cellular 
secretions. 
Cytoplasmic ·continuities were observed in the turtle 
and in the sea gull." Their presence suggests the possibility 
' that some of the cells present a synctial nature. 
Annulate Lamellae 
The annulate lamellae ~ound in the sea gull and in 
the alligator may be a supplement to the Golgi apparatus. 
In· many respects ·they resemble each other. The Golgi complex 
. 
has been described as consisting of three components: 
1) large vacuoles~ 2) flattened sacs, and 3) small vesicles 
~ 
' budded off these sacs. (Dalton~ 1961) The annulate lamellae 
consist of these same three components. Large vacuoles are 
in association with the annulate lamellae in Figure 59. The 
flatte~ed cisternal nature of the lamellar membranes is seen 
in Figures 54 and 55. Also shown in these figures are V?Si-
cles budding off the flattened sacs. Both organelles may be 
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found side by side in the same cell, indicating that the 
annulate lamellae supplement the Golgi apparatus, rather 
than supplanting it (Fig. 56). Further evidence of the 
relationship of the annulate lamellae to the Golgi com-
plex is apparent in that the lamellae lose their annuli, 
becoming composed of smooth flattened sacs indistinguisha-
ble from Golgi membranes (Fig. 57). The lamellae also 
break into small vesicles which are indistinguishable from 
Golgi vesicles. In both the alligator and the sea gull, 
dense bodies which resemble lysosomes, as seen by Essner 
and Novikoff (1960)? may be found within or emanating from 
- ~ 
the annulate lamellae. In the alligator, these dense bodies 
start out as empty sacs which fill with electron dense ma-
terial as they move away from the lamellae. In the sea gull, 
dense bodies are found fully formed within concentric circles 
. -
of lamellae. Novikoff (1962) has suggested that the lyso-
. " " 
somes are related to the Golgi complex, describing the Golgi 
.. . 
apparatus as 11 forever blowing bubbles, called lysosomes." 
The fact that the annulate lamellae also seem to produce 
lysosomes adds further evidence to my hypothesis linking 
them to the Golgi apparatus. In particular, then, the ma-
jor obs¢rvabie difference between th~se two organelles is 
the periodic presence of annuli iB the flattened lamellar 
sacs of the annulate lamellae. 
The trend towards more cristae and less tubules in 
the mitochondria in the alligator and sea gull adrenal is 
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a thought-provoking observation. Tubular mitochondria are 
the type generally found in steroid-producing cells and it 
is believed that much of the steroid production takes place 
in or on the mitochondria. Therefore, since the inner mi-
tochondrial structure changes, quite possibly the mode and 
location of steroidogenesis also changes in these cells. 
In both the sea gull and alligator, annulate lamellae have 
been observed. Dense bodies presumed to be lysosomes have 
been seen in associat~on with these membranes, and the re-
lationship of the annulate lamellae to the Golgi apparatus 
has been discussed. The Golgi apparatus is related to lipid 
production in sebaceous glands {Palay, 1958). Dalton {1961) 
. . 
has suggested a role of the Golgi complex in the storage 
and modification of lipid material; and Miller and Riddle 
(1942) have also suggested that the Golgi apparatus may 
-play a role in transforming steroid precursor into steroid 
hormone in the pigeon adrenal. The lysosomes are related 
to the Golgi apparatus (Dalton & Felix, 1957). A possible 
. ~ 
relationship of the Golgi apparatus to the contractile vacuole 
in protozoa has been suggested which would link the function 
of the lysosomes with the water balance in the cell. This 
possible role has been adapted to a role in the removal of 
water from substances stored in the lyso~omes (Novikoff, 1961). 
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Functioning in this way, the lysosomes accumulate and~store 
substances, possibly synthesized ~lsewhere. The substances 
may then be further modified by the enzymes present in the 
lysosomes and concentrated by removing water. The same 
mechanism may be at work in the production of steroid hor-
mones in the sea gull and alligator adrenal. In the latter 
animal, vesicles coming from the annulate lamellae can be 
seen to become progressively electron dense. It may be that 
the vesicles coming from the lamellae contain a lipid pre-
cursor which is not osmiophilic. As the vesicles moye .out 
,, \ 
into the cytoplasm, the substances contained therein are 
acted upon and concentrated, gradually becoming more osmio-
philic and thus more electron dense. Because dense bodies 
are found within the annulate lamellae of the sea gull,.it 
may be that the whole process takes place while the body 
is still within the lamellae, and perhaps at a faster rate 
. 
than in the alligator since transitional forms are not ob-
served here. 
The annulate lamellae undoubtedly have their origin 
from the nuclear membrane. In Figure 55, four pairs of 
. - -
. ~ 
m~m~ranes are seen to be identical. One pair -~s form7d 
~ -
by the nuclear membrane, the rest belong to the annulate 
lamellae. Swift (1956) has suggested that the lamellae 
,... ,.. 
are formed on the nuclear membrane, using it as a template, 
or are delaminated from it. Ross (1962) has suggested 
that the annulate lamellae may function in the transfer 
of material with genetic specificity from the nucleus to 
the cytoplasm. Gay (1955) has shown nuclear blebbing in 
" -Drosophila salivary gland cells. These blebs arise from 
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the nuclear membrane and seem to break away to become part 
of the E.R. as flattened sacs. Close observation of her 
micrographs show a nuclear membrane composed of annuli and 
areas of annuli in the cytoplasm. It is quite possible 
' 
that these are annulate lamellae. She presents a theory 
that the nucleus may produce material which passes through 
the nuclear membrane, forming a membrane itself when it 
reaches the cytoplasm. This is an interesting alternative 
to the 11template" theory of Swift. In any case, material 
. , 
with genetic specificity is being passed from the nucleus 
to the cytoplasm. In the case of the annulate lamellae 
. 
found in the alligator and the sea gull, this genetic spe-
cificity might be the determining factor in the production 
of cellular secretions. In other words, the annulate lamel-
lae arise from the nucleus in some manner, are coded there, 
then slough off into the cytoplasm where they begin to pro-
duce the substances for w'hich they were coded. In the paper 
' by Gay (1955), and in one by Schultz (1952), it has been 
~ - ~ ~ 
postulated that the nuclear membrane is formed at the outer 
surfaces of the chromosomes during telophase. If this were 
the case, then conceivably certain areas of the nuclear 
membrane might have genetic specificity conferred on them 
as determined by the chromosome at the end of which they 
had formed. To carry the thought a step ~urther, in re-
lation to the nuclear origin of the annulate lamellae, if 
certain areas of the nuclear membrane had certain genetic 
specificities, then possibly the annulate lamellae would 
be formed only in certain specific areas of the nuclear 
membrane and not just at random. This would seem to make 
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as much sense, if not more, than a random origin, especially 
since the pictures show annulate lamellae only in places 
on the nuclear membrane and not surrounding it. If specific 
. 
nuclear membrane areas were responsible for annulate lamel-
lar formation , this would also tend to set a limit on the . 
size of the lamellae. 
Annulate lamellae have been reported previously in 
Arbacia oocytes (Afzelius, 1957), in rat sp~rmatid (Palade, 
1955; Swift, l956), in clam and. snail oocytes (Rebh~n, 
1956 a~b), in Ambystoma larval pancreas, salivary glands 
. . 
of Drosophila and frog oocytes (Swift, 1956), and in fetal 
r 
rat adrenal (Ross, 1962). The presence of annulate lamellae 
seems to be indicative ~f a need for increased activity by 
the cell (Porter, 1961). The possibilLty thus exists that 
where the ~mechanism of-steroid production has been shifted 
from the mitochondria to other cytoplasmic organelles, the 
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increased activity necessary outside the mitochondria 
elicits the formation of this organelle known to be pre-
sent when such increased need arises. 
Zonation 
Zonation has been found in mammals at an histologi-
cal level (Arnold, 1866, according to Greep & Deane, 1949), 
.. 
at a biochemical level (Swann, 1940; Greep and Deane~ 1947;: 
and Lobban, 1952)~ and at an ultrastructural level (Sabatini 
& De Robertis, 1961). Histolo.gica.l zonation was suggested 
. 
for the ~rog by Cater and Lever (1954) and for the pelican 
, -
by Knouff and Hartmann (1951). Zonation, if found in the 
.. .. ...... .... 
species observed, might indicate a difference from cell to 
cell in type of secretion. In the rat, Sabatini and De 
. . 
Robertis (1961) found that the zona glomerulosa contained 
~ . 
mitochondria with tubules, and this zone has been shown to 
secrete mineralocorticoids (Deane &_ Greep, 1946; Deane, 
-Shaw & Greep, 1948; and Bergner & Greep, 1948). One might 
. . 
suspect that if the mitochondrial inner structure varied 
from one cell to another~ then zonation based on type of 
secretion might exist between cells. However, in the species 
investigated~ no such difference seemed to exist. In the 
frog and the Necturus, two types of cells were observed, but 
within each tyPe there was little variation. In species 
. 
with both cristae and tubules in the mitochondria, all types 
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might appear in a single cell. There seemed to be no di-
·vision by mitochondrial structure. Since the mitochondria 
seem to possess all the enzymes necessary for steroid syn-
thesis and since the hormones have a basic nucleus, it is 
not unlik~ly that all 'cortical cells possess the ability 
to produce all hormones. It is known that the entire corti~ 
cal portion of the gland can be regenerated from the capsule 
which may contain only a few glomerulosal cell·s. These 
cells in the intact gland secrete mineraloeorticoids, but 
they obviously can reproduce themselves and give rise to 
fasciculata type cells which can secrete glucocorticoids. 
Based on this evidence, it is not unthinkable that cortical 
-
cells of animals below the mammals have the ability, and 
probably do, secrete all types of cortical hormones peculiar 
to each species analyzed. 
Comparison with Fish Interrenal Tissue 
The author has examined sections taken from a torpedo 
ray. The mitochondria of the interrenal cells have a tubu-
lar inner structure which is a fairly consistent finding 
in species from all five major vertebrate classes. However, 
some df tbe mitochondria show a moniloform or 11beaded" type 
of tubular inner structure. This is possibly an indication 
that the mechanism for steroid synthesis differs somewhat 
from that in other vertebrates. 
The lipid droplets were similar in size and shape to 
those found in other species investigated. The Golgi appa-
ratus is also quite typical~ consisting of three or four 
pairs of double membranes associated with vesicles. In 
. . 
these cells~ the endoplasmic reticulum is represented by 
many rounded or elongate vesicles. The ground cytoplasm~ 
including these vesicles~ closely resembles the ground cy-
toplasm of the Amphiuma and the snake (refer to Figs. 6 and 
25). 
Thus~ the interrenal cell of the torpedo ray (Fig. 69) 
' 
contains organelles quite similar to those found in the in-
terrenal cells of the representative species studied in the 
amphibian~ reptilian and avian classes and to the mammalian 
species reported in the literature. 
Evolutionary Significance 
According to evolutionary theory and taxonomy~ the 
turtle is a member of the oldest living reptilian group. 
The turtles are classified in the subclass Anapsida~ along 
with the extinct cotylosaurs or stem reptiles (Fig. A). 
-Since the Triassic period~ they have evolved very little 
(Romer~ 1962). Today~ the turtle~ though highly specialized 
-in some ways~ is considered as the living reptile least 
evolved from its amphibian ancestors; thus, one might ex-
pect to see similarities in the adrenal cortical cells of 
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these two groups. In this study~ a relationship has been 
observed between them~ and also evidence of a more efficient 
mechanism in the turtle. In the frog~ two types of cortical 
cells are observed; cortical cells proper~ and Stilling cells. 
The cortical cells contain irregular lipid droplets and 
tubular mitochondria and~ superficially~ at least~ resemble 
the cortical cells in the adrenal glands of higher verte-
brates. The second type, the Stilling cell, cGntains round 
or oval osmiophilic droplets and very electron-dense mito-
chondria. Geyer (1959) has postulated that the st·illing 
cells transform~ and probably very quickly, into cortical 
cells. He considers the Stilling cell as a cortical element, 
a precursor to the cortical cell, and a form int~rmediate 
between the two types of cells. 
Another_amphibian, Necturus, was also observed to have 
two types of cells in the adrenal cortical tissue. Type I 
' is the typical cortical cell with irregular lipid droplets, 
while type II, with round osmiophilic droplets~ strongly 
. 
resembles the Stilling cell of the frog. The situation in 
the turtle appears to be a condensation of the two cell 
types into one cell type. In the cortical cell of the turtle, 
irregular lipid droplets are found clustered at one end of 
the cell~ and round osmiophilic droplets are found in clumps 
near the nucleus or at the other end of the cell. In the 
. 
Stilling cells of the frog, the mitochondria seem to accum-
ulate an electron dense materia~~ becoming darker and more 
91 
homogeneous until they are indistinguishable from the Still-
ing granules. In the turtle, an accumulation of electron 
dense material by the mitochondria is also seen. Light and 
dark mitochondria are found, as well as forms with both light 
and dark areas. Whereas in the amphibians, the frog in 
particular, two cells , or at leas·t two separate stages, may 
be necessary for the production of steroid hormones; in the 
turtle, the two cell or two stage method has been by-passed, 
or shortened, to the point that osmiophilic droplet and lipid 
droplet synthesis occur in one cell at the same time. The 
accumulation of electron dense material by the mitochondria 
in the turtle also seems to relate the turtle to the amphib-
ians. However, the accumulation never seems to become so 
. 
dense in the turtle that the internal mitochondrial struc-
., 
~ 
ture is obscured as it is in the Stilling cells of the frog. 
Another line of evolution was the archosaur line which 
gave rise to the birds and has a reptilian representative, 
- the order crocodilia, still living today (Chart~). The 
~ . 
archosaur line is now extinct except for the crocodiles, ' 
alligators and near relations. This line included the fly-
ing reptiles and although these fo·rms are not the direc::t 
ancestors to modern birds, the birds of today did arise 
ci\ 
from this line, and they are so close ~~ the reptiles that 
' Romer ,(1962) has refe.rred to them as 11glorified reptiles. 
11 
~ ,..,_ ~ .. .. 
Again, a relationship might be expected, in this case between 
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the alligator and the birds. And, indeed, such a relation-
ship was observed. 
In the reptiles, a divergence in mitochondrial struc-
ture was observed in the alligator adrenal cortical cells. 
In both the amphibians and the other reptiles studied, the 
. 
inner mitochondrial structure took the form of tubules or 
villous projections, although cristae were occasionally 
observed. However, in the alligator, cristae were the pre-
' dominant tyP,e of mitochondrial inner structure, while tubules 
were less often observed, although both types of structure 
were sometimes seen in the same mitochondrion. The trend 
of the dominance of cristae over tubules in the mitochondria 
was continued in the sea gull and chicken. The possibility 
that this change in mitochondrial structure might indicate 
a change in mechanism and/or location of steroidogenesis 
has been discussed previously in the section on annulate 
lamellae. This leads to another area of similarity observed 
in the alligator and the sea gull, namely, that both possess 
annulate lamellae in their cortical cells. The possibility 
of this structure being a suppleme~t to the Golgi apparatus 
and of its being functional in steroid production has also 
been discussed previously in the section on annulate lamellae. 
Only two investigations have been made previously on 
the frog (Burgos, 1959; Geyer, 1959) and one on the domestic 
-fowl (Fujita, 1961). All three studies stated or implied a 
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comparison to the situation, extensively studied, in the 
adrenal cortex of the mammal. Until now, nothing had been 
done on the reptiles which would provide a link between the 
frog studies and the domestic fowl study, and between the 
frog studies and those on the mammal. The reptiles thus 
represent a key class between amphibians and birds and 
between amphibians and mammals. Only by an investigation 
of reptilian tissue can an orderly sequence of comparative 
ultrastructure be presented. This thesi~ then, represents 
a definite contribution to the comparative study of the 
ultrastructure of the adrenal cortex. Miller and Robbins 
(1955) in their work on the thyroid and interrenal glands 
- ~ 
of the urodele_, Taricha t.orosus, have commented that, 11 the 
. 
comparative approach to the study of the endocrines has 
been particularly valuable in understanding normal endo-
crine physiology." The present investigation has shawn 
. . . 
a relationship between the amphibians and the earliest 
n~w living reptiles, the turtle, and also between the alli-
gator and the birds, both members of the archosau~ line. 
Consequently, this dissertation is a contribution to two 
biological specialties, that of comparative intracellular 
ultrastructure and also evolution based on intracellular 
ultrastructure. 
SUMMARY 
Ultrastructural similarities have been observed 
in the cortical cells of the adrenal glands in repre-
sentative species of the vertebrate classes which have 
been compared. Tubules were seen in the mitochondria 
of all species? although a divergence occurred in the 
reptiles from a predominance of tubules to a predomi-
nance of cristae (alligator, sea gull and chick~n). The 
" - . 
significance of this change has been discussed with ref-
erence to function. Light and dark mitochondria have been 
' -detected in the frog, Necturus, and turtle, an~ a possible 
role in lipid accumulation and release has been discussed. 
Lipid droplets were common to all species. In gen-
~ . 
eral, their shape was irregular, but size was fairly con-
stant from o.~to 1.5)~· However, in the snake, the droplets 
were a little larger, 2 to 3.).L' and in the alligator the 
droplet size varied from 1 to ~ . In the turtle and snake, 
the lipid seems to be easily extracted, and the signifi-
cance of this observation, in relation to c~mposition, has 
been discussed. The Stilling cell of the frog and cell 
type II of Neqturus are basically one' type of adrenal cor-
tical cell with round, dense osmiophilic bodies. The turtle 
. 
interrenal cells are one type only, but contain both lipid 
droplets and osmiophilic droplets. The relationship of 
Stilling and type II cells to interrenal cells and the 
presence of two types of droplets in one ·cell in the 
turtle are important points of evolutionary significance. 
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Golgi material was found within the interrenal cells. 
In some species this material is sparse~ consisting of only 
a few vesicles and one or two double membranes. In the 
. 
snake~ sea gull and chicken~ well-formed Golgi complexes 
of paired parallel membranes and vesicles occur. Since 
Golgi material has been reported to play a role in lipid 
synthesis and/or metabolism in other cells~ the possibility 
of the Golgi material having some function in steroidogen-
isis in the cortical cells has been suggested. 
The endoplasmic reticulum appears in all cells but 
is often of a vesicular or cisternal nature only. In the 
. 
alligator~ vesicles occur in linear arrangement~ and tb~~pat-
tern and direction of movement is possibly related to the 
. . 
sol-gel state of the cytoplasm. In the sea gull and chicken~ 
. . 
vesicles are found~ but membranes predominate with RNP 
particles studding their surfaces. In the ch~cken, clumps 
of RNP particles may be observed throughout the cytoplasm. 
The nuclei of interrenal cells are~ in general, fairly 
' large and irregular. They are bounded by a double nuclear 
membrane wh~ch is separated irregularly, sometimes by as 
little as 200 A and sometimes by as much as 1900 A. Nuclear 
pores are evident in the nuclear membrane at points of 
contact of the two layers. The pores are particularly 
evident in the sea gull, where their resemblance to the 
annuli of the annulate lamellae is apparent. 
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The origin of the annulate lamellae from the nucleus 
is strongly suggested by certain micrographs. .Also of 
nuclear origin are vesicles of the E.R., as shown by blebs 
aris~ng from the outer· nuclear membrane. In areas of bleb 
formation, the membrane has RNP particles on its surface. 
Other particle-studded vesicles are nearby, implying that 
this type of vesicle has a nuclear origin in this animal. 
Microvilli are found in some species, notably in 
frog, Necturus, lizard and alligator, and their presence 
and function of increased absorptive area are discussed 
in relation to secretory nature. 
Cilia occur as organelles facilitating movement in 
the frog, Amphiuma, alligator and sea gull. 
Annulate lamellae, a system of membranes perforated 
. 
periodically by annuli, were described and their similar-
ity to Golgi bodies was noted. They resemble Golgi mater-
ial in having large vacuoles, flattened cisternae and 
small vesicles, and in having lysosomes. The presence of 
both organelles in one cell is an indication that the an-
nulate lamellae are supplementary to the Golgi apparatus 
rather than substitutes for it. It is suggested that the 
-Golgi apparatus~ the annulate lamellae and the lysosomes 
have an important function in the production or modifica-
tion of steroids in interrenal cells. 
The comparative study of the ultrastructure of in-
terrenal tissu~s of three classes of vertebrates has re-
vea~ed a few new structures, some similarities common to 
most species, and specific similar~ties indicative of 
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evolutionary trends. A possible link was found between 
the amphibians and the oldest living group of reptiles~ 
the turtles. Another possible link was discovered be-
tween the alligator and the extension of this archosaurian 
line, the birds. 
very little electron microscopy has been done on 
tissues of the reptile class. Since this is the class 
from which both mammals and birds originated~ a study of 
reptiles should reveal structures and.perhaps functions 
basic to these classes. This investigation has contributed 
' to the development of knowledge in two new areas~ compara-
tive ultra-morphology and ultrastructural evolution. 
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Table I. COMPARISON OF MITOCHONDRIA AND 
LIPID DROPLETS BETWEEN SPECIES STUDIED 
Mitochondria 
"' 
Lipid Droplets 
1 diameter; round 0.7-1.5 diameter; 
tubules internally Irregular shape; 
SC oval or round with Osmiophilic 
cristae very d~rk. SC - round_, oval; 
same size as mit. 
1-2 diameter; .vesicles_, 1.5 diameter; 
tubules & cristae;some- Irregular shape; 
times both in one mit; osmiophilic. 
clusters of sacs & small 
mit. 0.3-0.5 
li" - tubules II 1-1~ diameter I 
0.8-1.0 . tubules in- Irregular shape 
.1 
ternally; round, oval or Some cells have II 
Y-shaped mit. Double con- ro·und or oval OD. .. 
centric membrane. 
Round_, 1.5 or elongate Irregular shape and light, 
0.5 X 3.5 ) one type has 0.9 ; occur in clusters 
a dense matrix_, the other at one end of cell; or 
a light matrix. Trans for- round and dark, 0.7 . 
mation between the two. 
0.8 ; contain tubules; 0.5-1.5 at widest; 
some contain vesicles. Highly irregular. 
Round_, 0.5 or elongate 2 - 3 ; 
0.3-0.5 X 0.8-1.0 ) Irregularly round_, 
tubular; 300 A, ring numerous; T.sirtalis 
shape mor~ irregular_, smaller 
variety of sizes & shapes; Irregular; vary from 
round, long, Y-, dumbbell; 1.0 - 7.0 . 
cristae_, tubules or both; 
mostly cristae_, 1.0 or 
0.3 - 1.0 X 2 - 3.5 ' . 
Round, 1.0 ; long, 2.0 Irregular; 0.5 - 1·.o 
Dumbbell rare, usually across. 
cristae, few with cyclo-
membranous transforming 
mit. 
Round or elongate_, 0.7 - Few; irregular; 
1.0 or 1.8 - 2.0 long. 0.6 - 1.3 acress. 
Cristae, tubules, sometimes 
or both; some with no struc- ' 
ure. 
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Table II. COMPARISON OF GOLGI APPARATUS AND 
ENDOPLASMIC RETICULUM BETWEEN SPECIES STUDIED 
'{ Golgi Apparatus ·.Endoplasmic Reticulum 
' . 
.. Double membranes and Rough surface vesicles, 
FROG· varying size vesicles 0.2-1.0 
sc paired membranes & ER with granules of RNP; 
vesicles clear vesicles 
4 pairs of parallel Vesicular. Numerous round 
AMPHIUMA membranes; vesicles or elongate vesicles, some 
in rouleaux. 
vesicles & membranes Vesicular I 
NECTURUS Cells with round OD Some membranes; parallel have double membranes rows of vesicles, tubules 
and vesicles. Few tubules; RNP II 
particle-coated cisternae. 
Not commonly seen in Tubules and small vesicles; 
TURTLE these sections; few also lg cisternae; bead-double membranes & like line of vesicles. .. 
·-
vesicles. . 
LIZARD Single, flattened System of tubules and cisternae. .vesicles. 
SNAKE 3 pairs of double Tubular membrane not 
membranes;vesicles. too well-developed. 
Many vesicles; ,few Strings of vesicles 
membranes; annulate 1000 A across. 
ALLIGATOR lamellae giving rise Many vesicles 1000 A to to vesicles with inner 1.0 . 
. structure or dense 
matrix, 0.25-1.0 . 
3 to 5 pairs double Membrane covered with 
membranes; vesicles; RNP particles; vesicles 
annulate lamellae with RNP; many vesicles, 
formed on nuclear interconnections. 
SEA GULL membrane; flattened 
double membrane with 
annuli 1000 A; paral-
lel or concentric 
circles. 
' 
I 
Numerous; 3 to 5 pairs Vesicles and membranes 
CHICKEN double membranes; qoated with RNP particles; straight, horseshoe or RNP particles in clumps. 
round vesicles. 
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FIGURE .A. FAMILY TREE OF THE AMPHIBIANS, REPTILES AND BIRDS 
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Taken in part from Romer, The Vertebrate Body, pp 56,59,62. 
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FIGURE LEGEND (cont) 
PB Pigment body 
Rl Rouleau 
RNP Ribonucleoprotein 
sf Spindle fiber 
SG Stilling granule 
t Tubules 
TM Tubular mitochondria 
v vesicle, vacuole 
VM vesiculate mitochondria 
vs Vesiculate structure 
Figure 1. Frog (R. catesbiana) Cortical cell. 
This micrograph shows lipid droplets in the center 
and RNP particle-studded cisternae among them (E.R.) 
The lower portion of the picture shows the nucleus. 
The separated nature of the two layers of the nuclear 
membrane can be clearly seen. A nuclear pore is in-
dicated at the ~rrow. Note particularly the cisterna 
formed by the outer layer of the nuclear membrane at 
the far right.. Moving left around the nucleus, a 
Golgi apparatus may be seen, and further left, two 
mitochondria with tubular inner structure are seen. 
The dark mitochondria and cristae to the right and 
left of the interrenal cell are in kidney cells. 
18,150 X 
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117 
Figure 2. Frog cortical cell. Many mitochondria 
can be seen with the tubular nature of their inner 
structure revealed. 
21,200 X 
Figure 3. Frog Stilling cell. A Golgi complex 
. . 
is shown near the nucleus. Microvill~ are present. 
At the left is the nucleus with its double membrane 
separated at_intervals. The mitochondria are very 
dark but do show some internal structure. At the 
lower right is a round, dark homogeneous body. This 
is probably a Stilling granule. (See discussion.) 
19,500 X 
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Figure 4. Frog Stilling cell. Nuclear pores 
may be seen here at the arrows. The vesicles are 
part of the endoplasmic reticulum. 
19,500 X 
Figure 5. Frog adrenal. This area shows some 
of the many cilia and ciliary rootlets found in 
the adrenal of this animal. 
23,600 X 
120 

Figure 6. Amphiuma cortical cell. Parts of 
three cells are shown. The lower one has several 
mitochondria with tubules. However, the large 
mitochondrion in the center has both tubules and 
cristae. The middle cell contains mitochondria, 
lipid, and two areas of Golgi membranes; both have 
four pairs of membranes present. The vesicular 
nature of the cytoplasm may be seen in this cell. 
At the arrows, areas of vesicles in rouleaux may 
be seen. The upper cell contains irregular lipid 
droplets. 
25,350 X 
122 
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Figure 7. Amphiuma cortical cell. The lipid drop-
let is ·Separated by a double membrane of the endo-
plasmic reticulum from a mitochondrion. The mitochon-
dria in this micrograph are seen to contain both 
tubules and cristae. · At upper center, a vesiculated 
mitochondrion is seen. 
36,125 X 
Figure 8. Amphiuma cortical cell. At the lower 
left is a mitochondrion constricted in the middle. 
Tubules are seen in thfus constricted part, while both 
tubules and cristae are in the portion to the left. 
Above are two lipid droplets separated by a double 
membrane. 
Figure 9. Amphiuma cortical cell. This is a clus-
~ ' 
ter of small mitochondria about 0.5~ across in diam-
eter. At the bottom, one is seen surrounded by two 
outer layers. 
18,750 X 
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Figure 10. Amphiuma cortical cell. In this figure, 
a Golgi apparatus can be seen extremely close to the 
nuclear membrane ( .-v 1000 A from it) • To the right 
~ ' 
of this is a mitochondrion with tubules~ while further 
right is another mitochondrion whose inner structure 
is composed of both tubules and cristae. 
24,375 X 
Figure 11. Amphiuma adrenal. This micrograph shows 
. 
a group of cilia and rootlets that are found in the 
adrenal of this animal. 
23,350 X 
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Figure 12. Necturus cortical cells ~ Type I. Parts 
of several Type I (see text) cells are seen here. 
. . 
Lipid droplets and mitocnondria are indicated. A 
Y-s.haped mitochondrion can be seen at the upper right. 
Vesicles are seen throughout the cytoplasm. A Golgi 
apparatus is marked at the right. At the center left 
edge is a round structure with double concentric mem-
branes internally. (See alligator.) 
14,900 X 
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Figure 13. Necturus cortical cell - Type I. The 
tubular membranes of the endoplasmic reticulum are 
indicated in this photo. 
Figure 14. Necturus cortical cell - Type II. 
Mitochondria may be seen here and also Golgi material. 
Microvilli are seen to project into a space between 
cells. 
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1 31 
Figure 15. Necturus cortical cell - Type II. 
Round osmiophilic droplets are seen. Golgi mater-
ial appears in an indentation between the lobes of 
the nucleus (bottom center). 
Figure 16. Necturus cortical cell - Type II. 
Osmiophilic droplets and mitochondria are seen 
here. 
14,1~0 X 
132 
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Figure 17. Necturus cortical cell - Type II. This 
is a maximum blow-up so the photographic grain is 
visible. It is to show the pores present in the nu-
clear membrane. Throughout the nucleus, particles 
of the size of RNP particles may be seen. 
39,300 X 
134 
• 
Figure 18. Turtle cortical cell. The two types 
of mitochondria are indicated here. Both are seen 
to contain tubules. Just above and just below the 
. 
nucleus are two mitochondria in a transitional state 
between the two types. Endoplasmic reticulum is also 
shown here. 
18,750. X 
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Figure 19. Turtle cortical cell. A cluster of 
lipid droplets is apparent to the left. Mitochon-
dria with tubules appear in the center. To the far 
lower right is a vesiculate structure. 
11,100 X 
Figure 20. Turtle cortical cell. To the right 
' 
above center is a cluster of lipid droplets. The 
very dark droplets that appear are osmiophilic drop-
lets (see text). To the left is a cytoplasmic bridge. 
~ -
This section and the followiug one are serial.sections 
although Fig. 21 is inverted: 
11,100 X 
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Figure 21. Turtle cortical cell. To the left 
are lipid droplets clustered at one end of the cell. 
To the right is a group of osmiophilic droplets. The 
riggt boundary of the nucleus in the center shows 
indications of several nuclear pores. Endoplasmic 
reticulum is also indicated. 
140 
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Figure 22. Lizard (A. carolinensis) cortical cell . 
. 
This figure shows many of the organelles found in the 
cortical cells of this animal. At upper center is a 
double membraned structure with tubules. Far right of 
this are microvilli. Left of center are two lipid 
-droplets. Right of these is a single flattened Golg~ 
cisterna. Below the lipid are some granular bodies; 
to the right of them is a multives~culate body. A 
' . 
mitochondrion with tubular inner structure may be seen 
at the bottom left. 
28,875 X 
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Figure 23. Lizard (A. carolinensis) cortical cell. 
-An area of endoplasmic reticulum may be seen near the 
cell membrane. At the upper right is a mitochondrion 
with a vesicular inner structure. A dense~ dark struc-
ture is seen at the left. 
23~625 X 
Figure 24. Lizard cortical cell. Lipid droplets 
. 
and mitochondria are seen here. However~ the tw~ 
. 
multilaminar structures in the center of the picture 
should be noted. 
14~150 X 
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Figure 25. Snake lli· sipedon) cortical cell. Golgi 
' 
membranes and small vesicles are seen in the center. 
Above them is a mitochondrion with its tubular inner 
structure. Below the Golgi membranes is an area of 
endoplasmic reticulum. 
48_,000 X 
Figure 26. Snake (N. sipedon) cortical cell. In the 
.. r\ ... ... 
center is a Golgi complex with vesicles in the center. 
Below this is a lipid droplet. To the right of this 
are two sets of interconnected vesic~es. The portion 
of the nucleus at the upper right reveals what appears 
to be a nuclear pore in the membrane. 
48_,000 X 

Figure 27. Snake (N. s~pedon) cortical cell. Golgi 
~ -
membranes are to the left. Mitochondria with tubules 
are best seen at the upper right. 
48_,000 X 
Figure 28. Snake cortical cells. Parts of several 
cortical cells are shown to show the abundance of dark 
lipid droplets. To the far left is a chromaffin cell. 
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Figure 29. Snake (N. sipedon) cortical cell. The 
... ..... .. 
nucleus here shows the separation of the two layers 
of the nuclear membrane. At points of contact~ nu-
clear pores are suggested. 0 Lipid droplets are seen 
0 and also mitochondria. 
19~200 X 
Figure 30. Snake (T. sirtalis) cortical cell. This 
~ 
150 
micrograph shows a chromaffin cell below and a cortical 
cell above~ separated by a blood sinus. Several mito-
chondria with a tubular inner structure can be seen in 
the interrenal cell. Far left in this cell are lipid 
droplets. 
28~125 X 
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Figure 31. Snake (T. sirtalis). This micrograph 
. " 
also shows parts from two cells: one chromaffin 
(below)~ the other interrenal (above). Lipid drop-
. . -
lets and mitochondria with tubules abound in the 
interrenal cell. 
28~125 X 
'" 
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Figure 32. Alligator cortical cell. This figure 
shows some of the many shapes assumed by the mito-
chondria. Two of these that are Y-shaped are indi-
cated. 
Figure 33. Alligator cortical cell. Arrows show 
swollen mitochondria with ring-shaped inner mem-
' 
branes. Lipid droplets and normal mitochondria are 
present. 
9,450 X 
Figure 34. Alligator cortical cell. Mitochondria 
in this micrograph are seen to contain ·both tubules 
and cristae in the same organelle. At the upper 
left is a lipid droplet. At the lower edge towards 
the left is a dense body. 
37,500 X 
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Figure 35. Alligator cortical cell. Many mitochon-
dria are seen with cristae (stripes) membranes along 
~ -
their length. Others have only a few cristae. Several 
dense bodies can be seen. At the lower left a multi-
laminate structure is noted. (See Necturus for similar 
structure.) 
Figure 36.. Alligator cortical cell. An area of an-
nulate lamellae is shown to the left of center. 
Mitochondria are shown as is, a lipid droplet and 
dense bodies. The vesicular nature of the ground 
cytoplasm is also clearly evident. 
21,250 X 
Figure 37. Alligator cortical cell. A Golgi appara-
tus is shown in the center with many Wtesicles in the 
near vicinity. There seem to be at least two types 
of organelles forming vesicles in these cells: Golgi 
bodies and annulate lamellae. To the left is a dense 
body. 
50,000 X 
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Figure 38. Alligator cortical cell. The endoplasmic 
reticulum in these cells is formed by strings of vesi-
cles as shown here. In the upper right are microvilli 
projecting into a periendothelial space. 
9~450 X 
Figure 39. Alligator cortical cell. The pictvre ne-
veals the pores in the nuclear membrane. Also seen 
are vesicles and the polymorph mitochondria. 
158 
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Figure 40. Alligator cortical cell. This area 
shows the dense bodies in various stages of density~ (1) (5) 
from very light granular~ ~ to very dense~ ~· The 
many vesicles of the ground cytoplasm a~e seen as 
are lipid droplets and mitochondria. 
26~000 X 
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Figure 41. Alligator cortical cell. This micr.o-
graph shows the entire annulate lamellar structure. 
It is about 10~ across. At the upper left and at 
the right, areas of vesicles are seen. They are also 
seen in the center. The following two micrographs 
show areas of this structure at higher magnitudes. 
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· Figure 42. Alligator cortical cell •. This is ab area 
taken at the edge of the annulate l~mellae shown in 
Fig. 41. It shows~ at higher magnification~ the vesi-
cles coming off the lamellae. Some of them are seen 
to contain membranous inner structure (m) while others 
have a granular matrix (g). 
34~500 X 
Figure 43. Alligator cortical cell. This is a high 
power view of the center of a concentric ~iguration of 
annulate lamellae. A single annulus is circled; the·se 
are about 1000 A in diameter. The center is composed 
of many vesicles. These-vesicles also abound in the 
cytoplasm. 
35~625 X 
164 

Figure 44. Alligator adrenal. This micrograph 
shows a cilium with associated centriole. Near 
this centriole a Golgi apparatus can be seen. 
35,625 X 
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Figure 45. sea gull cortical cell. This micro-
' graph shows two mitochondria. The one to the left 
' 
contains tubules, while the one to the right has a 
cyclomembranous inner structure. 
Figure 46. sea gull cortical cell. Lipid droplets 
-
and mitochondria are seen here. At the lower left, 
a cytoplasmic bridge may be observed. 
15,300 X 
Figure 47. Sea gull cortical cell. A dense body 
may be observed within concentric rings of annulate 
lamellae. 
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Figure 48. Sea gull cortical cell. The Golgi 
material is indicated in this picture as are mito-
chondria with tubules and lipid droplets. At the 
bottom, slightly to right, is a mitochondria en-
circling a lighter structure. 
19,500 X 
Figure 49. sea gull cortical cell. Two double 
membranes of the endoplasmic reticulum are shown, 
studded with RNP particles. Just below is the 
nucleus. 
70,000 X 
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Figure 50. Sea gull cortical cell. This figure 
shows a concentric arrangement of double membranes 
belonging to the endoplasmic reticulum. RNP particles 
may be observed coating these membranes. 
23,450 X 
Figure 5~. Sea gull cortical cell. This is the 
nuclear membraneLcut tangentially to show the nuclear 
pores. They appear identical to the annuli found in 
the annulate lamellae. 
70,000 X 
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Figure 52. Sea gull cortical cell. A group of 
annuli may be seen. Several inclusions are seen 
within the outermost annulate lamella . Mitochondria 
with cristae are seen at the right. At the upper 
·left is a lipid droplet. 
Figure 53. Sea gull cortical cell. Three concen-
tric rings of annulate lamellae show here. In the 
center, the annuli may be seen as dark rings. Three 
more lamellae have lifted away to the left. At the 
lower left a single lamella may be seen to end in a 
large vesicle. Also at the lower left is a dense 
body. 
55,000 X 
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Figure 54. Sea gull cortical cell. A group of 
four annulate lamellae may be seen. Vesicles are 
s~en to be formed at the ends of the lamellae. Sev-
eral mitochondria are also seen in close association. 
Figure 55. Sea gull cortical cell. Three lamellae 
adjacent to the nuclear ~embrane are seen. The simi-
larity between the four memb~anes is quite evident. 
This picture strongly suggests a nuclear origin of the 
annulate lamellae. 
26,400 X 
176 
I 
® 
Figure 56. Sea gull cortical cell. An area o~ 
annulate lamel~ae adjacent to Golgi material, 
showing the presence of both structures within 
the same cell. 
52,500 X 
Figure 57. Sea gull cortical cell·. Annulate 
lamellae are seen adjacent to the nuclear membrane. 
The similarity between the two types of membranes 
is apparent. At the arrows, the annulate lamellae 
are losing their annular appearance and they are 
seen to resemble Golgi membranes at this point. 
33,000 X 
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Figure 58. Sea gull cortical cell. A concentric 
configuration of annulate lamellae may be seen. 
Vesicles are seen budding off the membranes both 
within the circle and at the ou~er boundary. Com-
pare with Fig. 26 of Golgi apparatus in the snake. 
60,000 X 
Figure 59. Sea gull cortical cell. Concentric 
circles of annulate lamellae. Vesicles are seen 
formi.ng by dilation of the double membranes at the 
periphery of the circle. (Note similarity to Dalton 
& Felix, 1961, on Golgi va~uoles arising by dilation 
of double membranes). Compare this figure with Fig. 65 
of the circular Golgi apparatus of the chicken. 
42,600 X 
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Figure 60. Sea gull cortical cell. A heavy body 
(Afzelius, 1956) is shown, surrounded by wisps of 
-
smooth membrane. Two pairs of interconnected vesi-
cles are indicated at the arrows. 
60,000 X 
Figure 61. Sea gull cortical cell. This figure 
shows a pigment body enclosed in a double membrane. 
At the periphery there are two dumbbell-shaped 
mitochondria. The arrow points to a centriole. 
31,200 X 
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Figure 62. Sea gull adrenal. This figure sho·ws 
two cilia. One is shown with its basal portion in 
the cell and a Golgi apparatus adjacent to it. 
55,000 X 
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Figure 63. Chicken cortical cell. A Golgi ap-
paratus with membranes and vesicles is shown to 
the right above center. Lipid droplets are at the 
lower right. Mitochondria are seen in close to 
the center. RNP particle-coated vacuoles can be 
seen throughout the cytoplasm. Also~ clearly shown 
is the interdigitation of the cell membrane~ shown 
at arrows. 
186 
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Figure 64. Chicken cortical cell. Endoplasmic 
reticulum is shown at the upper left, partly sur-
rounding a mitochondrion. Below this is a Golgi 
body. 
33,600 X 
Figure 65. Chicken cortical cell. A circular 
Golgi complex is shown here with ·vesicles within the 
complex, and at the periphery. RNP particles may be 
seen in clusters to the left. A mitochondrion is at 
the upper left. 
45,000 X 
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Figure 66. Chicken cortical cell. Several double 
membranes of a Golgi complex can be seen here in a 
horseshoe shape. Also~ a circular membrane can be 
seen to the right~ enclosing a dense body~ and a lipid 
droplet. 
Figure 67. Chicken cortical cell. A double parti-
cle-coated membrane is shown here. Clumps of RNP 
particles can be seen in the cytoplasm. 
51~000 X 
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Figure 68. Chicken cortical cell. This figure 
shows a cell in the Metaphase stage of mitosis. 
The chromosomes are seen lined up at the equator. 
Spindle fibers ma~)seen to the right of the chromo-
somes. 
10,600 X 
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Figure 69. Torpedo ray cortical cells. At.the 
lower right is a Golgi apparatus. A mitochondrion 
may be seen to the upper right side and can be seen 
to contain tubules. Note the vesicular nature of the 
ground cytoplasm and compare it with Fig. 6 of the 
Amphiuma and with Fig. 25 of the snake. 
4§1_,5.00 X 
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SOME ASPECTS OF THE COMPARATIVE ULTRASTRUCTURE OF 
INTERRENAL TISSUE :m AMPHIBIANS~ REP.riLFS ~ AND BIRDS 
(Library of Congress No. Mic. 63 ) 
Gladys Harrison~ Ph.D. 
Bost<:m University Graduate School, 1963 
Major Frofessort !Jonald I. Patt, Professor of Biology 
The electren microscope was .used to study comparatively the inter-
renal tissue of species selected from three vertebrate classes which 
were chosen as representatives of a particular segment of the evolutionary 
tree. Certain similarities exist in the interrenals of the species 
chosen~ inasmuch ~s a similar cordal arrang~emt of cortical cells, as 
well as an intenningling Gf chromaffin and internenal· tissue have been 
described. In addition~ the interrenal cells have meen shown to be 
under the influence of the pituitary gland in all vertebrates. The bases 
for comparison of the species selected are evolutionary ties, the f'act 
that the interrenal cells produce certain hormones CQmmon to all classes, 
and the fact that the enz:vmes necessary for honn.one production reside in 
or on the mitochondria. 
Nine species of' an1mals were used: three amphibians, four reptiles, 
and two birds, each representing a different order. Several fixatives 
were tri.ed, but the one most frequently used was a phosphate buf'fered 
1% esmium solution (Millonig, 1962) with modifications to suit the pH and 
osmolarity· of the animal involved. Tissues were fixed fer -t to 1-t hours 
at 4oc. Dehydratien was effected in graded acetenes and the material was 
embedded in either Vestopal W, Araldite 502 sr Maraglas 655. Vestopal 
W gave the most centrast and stability, but was the most difficult te 
section. Sectioning was accomplished with a Leitz, Hnxley, or Perter-
Blum nderotome with a glass knife. Sectiens of gold or silver color were 
chosen for electron microscopy, which were 900 - 1500 A thick (Peachey, 
1958). Seotiens were also out lu thick and stained w.i th 1% a<i!ueous methy-
lene blue for light microscopy. Tlae thin sections were picked up on 
slotted, uncoated grids a~d routinely stained with phosphotungstic acid. 
Some were also stained with lead hydro:xide or uranyl acetate. The grids 
were then viewed and ph0tagraphed with an RCA-EMU-2B or with a Siemens 
Elmiskop I electren microscepe. 
Analysis of the fine structure of the adrenals revealed a predominance 
of tubules in the mitochondria of all species studied except in the alli-
gater and lDirds. In these the membranous structure of mest mitochondria 
was in the form af cristae, although tubules were seen. Dark structures 
possessing poorly for.med internal membranes were seen ~ the Stilling 
cells of the frog that suggested a lipid-mitochendrial transfonnatian. 
Light and dark mitochondria were observed in the turtle, indicating pos-
sible lipid accumulation and release ow these organelles. Lipid droplets 
were irregular in shape and 0.5 - 1.5 u in size. The size of the dr0plet 
was larger in the snake, 2 - .3 u, and in the alligator the size was 
highly variable, 1 - 7 u. JDark, round or oval osmiophilic bodies were 
seen in the Stilling cells of the frog, type II cells of Necturus, and 
in the cortical cells of the turtle. 
Golgi material consisting of smeoth, double membranes with associated 
vesicles adjacent t0 them, was seen in all species. Annulate lamellae were 
described in the alligater and the sea gull, appearing as double membranes 
interrupted by rings or ann.uli which· are identidal in fine structure to 
the nuclear pores. The inference was made that annulate lamellae also 
give rise to vesicles in the sea gull. in much the same way as the Golgi 
apparatus (Ha·rrison, 1962). Tn the alligator the vesicles arising .from 
the armulate lamellae were shown to possess either a membranous or a 
granular internum. In the former case, a mechanism Gf mitochondrial gene-
sis was suspected. In the latter case, subsequent modification r esul.ting 
in the fo~tion of aense bodies was inferred. Their possible role as 
lysosomes in cell~lar activity was discussed. 
·The endoplasmic reticulum.in the species observed was vesicular in 
most cases. Rouleaux of vesicles were seen in Amphiuma, whereas strings 
of small vesicles were seen in the alligator. In the sea gull and chicken, 
partiele~eeated membranes were described. Endoplasmic reticular cisternae 
were observed in the frog adjacent to an RNP pa~ticle-studded bleb arising 
" 
from the outer nuclear membrane. 
The nucleus in the cells af all spe9ies was more or less irregular :in 
shape and surrounded by a double membrane. The 'tlva layers of the membrane 
were irregularly separated by 2€l@A to l000A, while nucle~r p<!>res were 
suggested at points af contact af the two layers. 
Other observations included the presence of cilia in the interrenal 
tissue af frogs, Amphiuma, the alligator and sea gulls; microvilli in 
frogs, Necturus,· lizards and the alligator; and dense bodi~s in the alli• 
gatar, sea gulls and th.e chicken. Cytoplasmic continuities were seen 
between cells in the turtle as well as in the sea gull. 
Specific structural similarities were found between representa~ives 
of amphibians and of the turtles, and between the alligatQr and the 
birds. 
The possible mechanisms of genesis of ultra-structural devices of 
comparative and evolutionar,y significance were discussed as follawst 
mitochondrial genesis from the annulate lamellae (in the alligator); 
genesis of endoplasmic reticulum from the muclear membrane (in the ~rog); 
and genesis of the annulate lamellae from the nuclear membrane (in the 
sea gull). 
The possibility that mitochondria may accumulate lipid was suggested 
by their appearance in the Stilling cells of fnogs and in the cortical 
cells of the turtle. 
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